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Summary 

Prom  the  very  moment  of  its  constructlon«  an  embankment  (or  a 
sea  wall)  Is  incessantly  exposed  to  the  pressure  of  external  forces 
such  as  the  action  of  waves*  traffic  loads  that  travel  over  its 
crown*  etc.*  and  to  the  weathering  forces  of  nature*  such  as  the 
sinking  of  foundations*  ground  compaction*  etc.  The  resulting 
impact  of  the  above  is  the  appearance  of  ch^lnges  to  the  embankment 
(or  sea  wall)*  changes  such  as  surface  cracks*  soil  erosion*  etc.* 
that  are  positive  indicators  of  the  wasting  away  of  these  struc- 
tures. In  the  course  of  this  study*  we  undertook  an  experiment  to 
determine  the  feasibility  of  using  the  wasting  index  which  shows 
the  degrees  of  wasting  or  the  extent  of  breakdowns  of  embankments 
or  sea  walls  as  a check  list  of  these  deteriorations.  In  the  re- 
port that  follows*  there  is  a section  devoted  to  a discussion  on 
the  relationships  between  the  various  wasting  indicators  that 
appear  on  the  surface  of  embankments  and  sea  walls*  and  a section 
that  discusses  our  countermeasure  proposals  on  combatting  embank- 
ment and  sea  wall  breakdowns.  Several  of  our  proposals  on  how  to 
design  and  construct  embankments  and  sea  walls  are  also  covered 
in  this  report. 

I*  Preface 

The  total  length  of  our  country  coastline  (excluding  Okinawa 
coastline  of  about  1*200  km)  is  about  27*900  km.  It  has  been  esti- 
mated that  of  this  coastline*  approximately  13*800  kilometers  can 
be  regarded  as  "the  designated  coastline  requiring  shore-protective 
structures"  to  cope  with  the  tidal  waves*  strong  windstorms*  high 
lashing  tides*  etc.*  of  seasonal  typhoons  and  severe  winter  weather 
So  far*  however*  the  construction  of  these  structures  has  been 
completed  on  only  about  7*300  km  of  this  coastline i they  include 
about  2*500  km  of  embankments  and  about  4*400  km  of  sea  walls. 

The  general  coastal  construction  policy  that  was  followed  in  the 
past  called  for  the  construction  of  breakwaters*  off-shore  dikes, 
etc.*  as  additional  anti-erosion  measures  after  the  completion  of 
embankments  or  sea  walls.  Needless  to  say*  embankments  and  sea 
walls  are  the  main  shore-protective  structures  of  our  coastline. 

It  would  be  difficult  to  predict  the  type  of  shore-protective 
structure  that  will  be  chosen  in  the  future  for  the  aforementioned 
"designated  coastline*"  but  whatever  the  choice*  the  undertaking  is 
sure  to  be  an  expensive  one.  Even  the  choice  of  an  embankment  will 
come  to  about  1*300  billion  yen  since  the  construction  cost  per 


i 


1 


meter  of  embankment  is  about  200,000  yen.  Required  future  invest- 
ments in  this  field,  moreover,  are  not  confined  to  new  construction 
alone  I there  will  be  the  need  to  repair  existing  embankments  and 
sea  walls.  The  required  outlay  for  this  repair  work,  based  on  the 
same  unit  cost  mentioned  above  (i.e.,  200,000  yen  per  meter),  will 
be  about  1,460  billion  yen.  It  can  be  assumed  too  that  future 
developments,  such  as  the  demand  for  the  conversion  of  a coastline 
into  a recreation  zone,  the  gradual  encroachment  toward  the  shore 
by  urban  communities  now  located  to  the  rear  of  the  beach,  etc., 
will  give  rise  to  the  need  to  construct  additional  protective  faci- 
lities, such  as  off-shore  levees,  man-made  beaches,  etc.  This  will 
mean,  of  course,  more  required  financial  outlays  in  this  field. 

It  can  be  said  that  the  need  for  a sizeable  budgetary  allocation 
to  construct  coastal  structures  to  meet  the  public  demands  for  more 
and  better  services  fetter  usage  of  coastal  areas?/  and  the  shift 
in  government  objectives  ^ot  further  explained  is  destined  to  come 
about  in  the  not  too  distant  future.  This  development  is  sure  to  be 
accompanied  by  a strong  demand  for  a sound,  suitable,  and  timely 
construction  program.  To  meet  this  demand,  there  will  develop  the 
need  too  to  review  and  resolve  many  pending  problems,  problems  such 
as  the  scale  of  the  structures  to  be  built  to  protect  the  rear 
property,  the  durability  of  the  structures  to  be  built,  the  main- 
tenance and  control  of  structures,  the  standardization  of  struc- 
tural designs,  etc. 

Of  the  many  problems  mentioned  above,  the  problem  of  mainte- 
nance and  control  of  structures  can  be  regarded  as  one  of  the  most 
important  ones.  Needless  to  sayi  rigid  maintenance  and  control  not 
only  mean  protection  of  embankment  and  sea  wall  capabilities  but  of 
their  service  life  as  well.  Regretfully,  however,  such  has  not  been 
the  case  so  far.  This  shortcoming,  one  can  conjecture,  could  be 
contributing  to  the  excessive  damages  and  wear  and  tear  of  the  exist- 
ing facilities.  Some  of  the  major  causes  for  this  lack  of  proper 
■aintenanee  and  control  aurei  (1)  the  setting  in  of  a lax  attitude 
toward  maintenance  and  control  due  largely  to  inadequate  appreciation 
of  the  import  of  this  vigilance  which  means  preservation  of  the 
structure's  capabilities  — that  is  to  say,  inadequate  recognition 
of  the  importance  of  maintenance  and  control!  (2)  the  lack  of 
sufficient  funds  and  personnel  to  permit  effective  maintenance  and 
control  of  coastal  structures!  (3)  the  absence  of  clecur-cut  maint- 
enance and  control  standards  (this  absence  has  hampered  the  drafting 
of  required  budget  estimates  for  this  field)!  and  (4)  the  failure  in 
■any  instances  to  draft  and  incorporate  the  proper  struotvoral  main- 
tenance and  control  procedure  to  be  followed  in  the  designing  and 
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and  construction  plan  that  had  been  drafted  for  a structure. 

The  establishment  of  an  effective  maintenance  and  control  sys- 
tem of  structures  requires  close  coordination  of  the  decisions 
made  by  the  government  on  budget  allocation  and  personnel  allot- 
ment and  the  technical  requirements  imposed  by  the  technical  stand- 
ards that  had  been  followed  in  the  designing  and  construction  of 
structures  and  in  the  drafting  of  the  maintenance  and  control  sys- 
tem. With  this  in  mind,  we  undertook  the  survey  of  our  coastal 
embankments  and  sea  walls  over  a two-year  period  U970  and  1971). 

One  of  the  objectives  of  this  survey  was  to  establish  a technical 
standard  for  the  maintenance  and  control  of  coastal  embankments 
and  aea  wallet  another  was  to  carefully  observe  and  index  the 
visible  changes  and  signs,  such  as  cracks,  soil  erosion,  etc., 
that  had  taken  place  to  the  embankments  and  sea  walls  since  their 
construction  to  estimate  the  extent  of  their  breakdowns  (estimate 
to  determine  the  required  repair  or  reenforcement  work). 

The  changes  and  signs  noted  on  the  surface  of  embankments  and 
sea  walls  generated  a number  of  questions  in  our  minds  --  questions 
such  as,  "Would  it  be  possible  to  estimate  the  structural  wasting 
from  these  changes  and  signs?"  "What  is  the  real  significance  of 
these  changes  and  signs?"  "What  impact  do  these  changes  and  signs 
have  on  the  dynamics  of  soil  composition?  on  structural  dynamics? 
on  hydrography?"  "Are  these  changes  and  signs  really  connected  to 
the  wasting  of  structures?"  These  are  interesting  questions  that 
merit  careful  investigation,  but  in  this  study  undertaken,  the 
focus  was  placed  on  the  examination  of  the  breakdowns  to  define  the 
wasting  of  embankments  and  sea  walls  and  then  on  the  drafting  of  a 
wasting  index  based  on  the  on-the-spot  observation  of  the  visible 
changes  (and  signs)  that  had  developed  on  the  surface  of  embank- 
ments and  sea  walls  after  their  construction. 

The  wasting  index  that  was  developed  from  the  approach  mentioned 
above  was  subsequently  tested  as  a reference  aid  in  determining  the 
breakdowns  of  structures,  it  is  believed  that  the  various  wasting 
indices  to  be  developed  in  the  future  will  be  closely  coordinated 
with  one  another t a. section  devoted  to  a discussion  on  the  inter- 
relationship of  these  Indices,  however,  has  been  Incorporated  in 
this  report. 

II.  Wasting  of  Coastal  Embankments 

We  would  like  to  first  define  the  expression,  "wasting  of  coastal 
embankments  (kaigan  teibo  no  rekka),"  so  that  its  usage  in  the  dis- 
cussions to  follow  will  be  clearly  understood. 


- 4 - 


First  of  all.  an  explanation  is  in  order  as  to  why  this  in- 
frequently used  expression  was  employed  in  this  report.  The  sen- 
tence. "Coastal  embankments  and  sea  walls  have  grown  old  emd  use- 
less (kaigan  teibo  aruiwa  gogan  ga  rokyuka  shita)...".  is  a common 
remark  that  one  hears  frequently.  As  defined  in  Kojien  presum- 
ably a name  or  title  of  a common  term  dictionary/*  tbe  word,  "ro- 
kyu, " used  in  the  above  sentence  means  "to  age  and  crumble  into 
decay  or  to  become  old  and  useless"  and  the  addition  of  the  suffix 
"ka"  to  this  compound  characters  to  read  "rokyuka"  will  make  it 
mean  "to  become  useless  with  the  passage  of  months  and  years." 

We  conducted  a number  of  on-the-spot  investigations  of  the  vari- 
ous structures  to  determine  the  propriety  of  the  remark,  "Growing 
uselessness  of  the  coastal  embankments  and  sea  walls  with  the 
passage  of  months  and  years  (kaigan  teibo-gogan  no  rokyuka),"  and 
leeumed  that  the  inference,  "...with  the  passage  of  months  and 
years,"  does  not  necessarily  apply  in  every  case.  That  is  to  say, 
there  are  embankments  and  sea  walls  that  show  little  or  no  change 
or  deterioration  even  after  months  and  years  of  existence  and 
there  are  those  that  begin  to  show  radical  changes  and  deterio- 
rations soon  after  their  construction,  proving  that  in  most  in- 
stances, the  passage  of  time  has  little  to  do  with  the  intensity 
and  frequency  of  actions  of  the  external  forces  and  the  environ- 
mental conditions  which  are  the  primary  causes  of  structural  de- 
teriorations. The  implication,  "to  become  useless,"  in  the  above 
definition  is  another  matter  that  deserves  careful  analysis.  The 
question  that  can  be  asked  isi  "How  and  for  what?"  Needless  to 
say,  the  uselessness  of  am  embankment  or  a sea  wall  can  come 
about  (1)  from  structural,  changes  and  deteriorations  that  destroy 
its  effectiveness  as  a protective  structure,  or  (2)  from  the  growth 
and  expansion  towaurd  the  beach  by  an  urban  community  to  the  reair, 
leading  to  a situation  where  the  original  designed  capacity  of  a 
structure  becomes  grossly  inadequate  to  provide  the  required  pro- 
tection of  the  changing  scene,  it  should  be  noted  too  that  the 
use  of  the  term,  "rokyuka, " could  lead  to  legal  hassle  with  an 
insurance  firm  in  a litigation  to  collect  disaster  damages,  a 
claim  for  disaster  damages  that  occur  to  structures  that  had  weathered 
the  pressure  of  external  forces  for  months  and  years  would  not  be 
contested,  but  it  can  be  expected  that  the  loophole  of  charging 
negligence  in  the  maintenance  and  control  of  structures  that  the 
term,  "rokyuka, " can  provide  will  be  fully  exploited  by  the  insur- 
ance firm  for  any  claim  made  on  disaster  damages  sustained  by 
structures  that  begin  to  show  wear  and  tear  soon  after  their  con*» 
struction. 

To  be  sure,  this  report  could  have  been  written  employing 
"rokyiika"  with  its  wide  interpretation  as  the  key  term,  but  this 
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approach  was  abandoned  to  avoid  the  misinterpretations  discussed 
above.  The  decision  was  made  to  define  and  use  the  term,  "rekka" 
^N«  literal  meaning  of  this  term  is  "to  become  inferior/worse" i 
rendered  as  "wasting"  or  "wasted"  in  this  translation  per  choice 
made  by  the  authors  of  this  article  in  their  English  synopsis 
attached  to  the  document  in  this  report. 

First  of  all,  it  should  be  noted  that  even  t'  ;s  term  is  not 
foolproof.  It  has  been  employed  for  cases  wher<  'le  wasting  deve- 
loped from  poor  maintenance  and  control  of  struc  'es  and  for 
cases  where  the  wasting  was  the  result  of  damages  sustained  from 
unusually  high  wave  actions  that  were  not  contemplated  when  the 
designing  work  was  undertaken. 

Provided  below  is  a discussion  on  the  so-called  wasting  of/ 
wasted  embankments  and  sea  walls. 

For  those  embankments  and  sea  walls  that  had  been  construetd 
with  the  required  capabilities  and  structured  facilities  in  accord*- 
ance  with  the  technical  standards  of  the  period  to  meet  the  public 
demands  of  the  time,  the  wasting  can  be  grouped,  it  is  believed, 
into  two  major  categories  as  described  below. 

A.  cases  where  the  structural  capabilities  are  no  longer  able 
to  meet  the  changing  demands  of  the  surrounding  areas i for  examples , 
structures  that  cannot  provide  the  required  protection  for  a rear 
area  that  had  expanded  rapidly  and  grown  in  sitet  structures  that 
have  been  found  to  be  improperly  constructed  through  research  and 
investigation  conducted  via  advanced  techniques  obsolete  structures 
requiring  reconstruction  and  renovation  to  provide  the  required 
protection  for  new  buildings  and  facilities  that  have  been  built 

or  are  being  built  in  the  adjacent  areas,  etc. 

B.  Cases  where  the  structures  had  become  unstable  and  had  lost 
their  capabilities  to  provide  the  required  protection  or  where  there 
exist  some  doubt  on  the  performance  capabilities  of  structures  and 
their  capabilities  to  provide  the  required  protections  for  examples, 
structures  that  developed  excessive  sinkings  structures  that  begin 
to  show  wide  surface  abrasioni  structures  that  develop  surface 
cracks,  surface  and  crown  exposures,  etes  structures  showing  soil 
erosion,  etc. 

In  essence,  ^ above  refers  to  cases  where  the  embankments  and 
sea  walls  had  "wasted^become  obsolete/out-of-date"  their  capabili- 
ties to  safeguard  the  rear  area,  and  £ above,  to  cases  where  the 
physical  features  of  embankments  had  become  "wasted  (■deteriorated)". 


The  80-ca^.^d  wasting  /deterioration/  of  embankments  and  sea 
walls  can  ber  categorized  into  the  following  two  breakdowns! 

1.  The  loss  of  original  capabilities  due  to  the  changes  that 
occurred  to  the  surrounding  aroas  or  to  the  structure  itself.  In- 
dicators of  this  wasting  arei  excessive  sinking  of  the  whole  found- 
ation, increase  in  the  amounts  of  high  attacking  and  overtopping 
waves,  emergence  of  nev/ly  constructed  buildings  in  the  adjacent 
areas,  coastal  erosion  and  the  resultant  intensity  of  high  attack- 
ing waves,  etc. 

2.  The  loss  of  dynamic  stability  due  to  structural  changes, 
partial  structural  breakdown,  and  deterioration  of  materials  to 
indicate  that  the  whole  structure  is  in  the  process  of  breaking 
down.  Indicators  of  this  wasting  aret  face  spread  abrasion,  dis- 
persion of  beddings,  crown  crackings,  ground  splits,  soil  erosion, 
etc.  (The  development  exposing  the  face  spread  reinforced  concrete 
via  water/wave  action  is  another  form  of  wasting  under  this  cate- 
gory. ) 

The  above  categorization  can  be  prepared  for  A above t no  at- 
tempt, however,  was  made  for  this  report,  “* 

Generally  speaking,  the  repair  or  conservation  work  that  had 
been  carried  out  for  embankments  and  sea  walls  in  the  past  has 
been  prompted  by  a combination  of  the  reasons  described  in  A and 
B above.  If  the  need  for  a repair  or  conservation  work  on  embank- 
ments and  sea  walls  as  indicated  by  wasting  could  somehow  be  repre- 
sented quantitatively,  what  great  contribution  this  would  be,  not 
only  in  safegueurding  our  national  property  and  the  life,  property, 
and  security  of  the  people  living  to  the  rear  of  the  beaches,  but 
in  pointing  out  the  way  for  our  government  to  undertake  the  re- 
quired repair  and  conservation  work.  In  the  case  of  A,  a quanti- 
tative indicator  will  be  of  little  service  since  the  Basic  problem 
is  revolved  around  the  issue  of  replenishing  the  wasted  /Inade- 
quate/ protection  capabilities,  requiring  government  decisions  on 
major  matters  such  as  investments,  standards  of  the  /protection/ 
services  to  be  provided,  etc.  In  the  case  of  B,  however,  the  avail- 
ability of  the  aforementioned  indicator  could  be  a big  help,  in- 
asmuch as  the  basic  problem  is  revolved  around  technical  matters. 
That  is  to  say,  as  long  as  the  shore  protective  capabilities  of 
embankments  and  sea  walls  are  known  (such  as  a certain  degree  of 
overtopping  waves  will  occur  for  a certain  meter  high  heavy  sea  wall, 
etc.),  the  problems  under  fi  could  be  resolved  smoothly  via  tech- 
nical approach.  Moreover, ~with  this  indicator,  it  would  be  possi- 
ble to  set  up  a routine  repair  and  renovation  work  of  the  struc- 
ures  to  nip  the  occurrence  of  major  damages. 
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III.  Wasting  of  Coastal  Embankments  and  Wasting  Indicators 

k study  of  the  wasting  of  coastal  embankments  by  focussing 
one's  attention  on  the  structures  will  show  that  in  the  final 
analysis,  this  wasting  is  no  more  than  a breakdown  process  of 
structures.  In  any  study  to  be  undertaken  in  this  field,  however, 
it  is  well  to  remember  that  the  designing  and  construction  of  these 
old  embankments  were  based  on  certain  set  construction  standards  of 
the  period  and  that  at  the  time  of  their  completion,  they  repre- 
sented the  best  of  their  kind  available  for  the  period.  The  break- 
down of  embemkment  structures  occurs  in  the  form  of  structural 
changes,  changes  that  are  brought  about  by  external  causes,  such 
as  the  action  of  waves,  overtopping  waves,  excessive  structural 
weight  that  sinks  the  foundation,  heavy  traffic  loads  that  travel 
over  the  crown,  etc.,  and  by  internal  causes,  such  as  the  com- 
paction of  the  core's  earth  and  sand,  etc.  A careful  study  of  the 
wasting  of  embankments  and  sea  walls  with  the  focus  of  attention 
centered  on  the  aforementioned  external  causes,  the  main  catalysts 
of  structural  breakdowns,  is  a prerequisite,  it  is  believed,  in 
coming  up  with  a solution  to  arrest  the  wasting  of  structures  dur- 
ing the  initial  breakdown  process.  The  main  discussions  of  this 
report,  prompted  by  the  above  reason,  were  thus  focussed  on 
the  calamities  that  can  occur  to  embankments  and  sea  walls  as  well 
as  their  causes  with  citing  of  actual  cases,  such  as  the  ise  Wan 
typhoon,  and  (2)  on  the  breakdown  process  of  structures  and  the 
main  indicators  of  the  structural  wasting  in  this  process,  in 
addition  to  the  above,  this  report  will  discuss,  with  due  emphasis 
placed  on  the  aforementioned  indicators,  the  visible  changes  (signs) 
that  have  occurred  on  embankments  and  sea  walls  since  their  con- 
struction, changes  (signs)  that  could  be  the  wasting  indicators  of 
these  structures.  These  changes  (signs),  it  might  be  added,  were 
employed  as  the  "check-list"  in  the  on-the-spot  investigations  that 
were  undertaken  to  determine  the  present  wasting  conditions  of 
embankments  and  sea  walls. 

A.  Causes  of  Damages  to  Coastal  Embankments  and  Sea  walls 

The  embankment  damages  from  the  typhoon  that  hit  Ise  Wan  were 
caused,  it  is  believed,  by  the  excessive  high  tides  and  wave  up- 
rush  that  washed  away  the  top  of  embankments,  undermined  the  found- 
ati^l^^^g^  sea  walls,  and  tore  down  the  face  armors  and  wave  deflect- 

(1)  Tsurutai  Aitat  Structural  Damages  Caused  by  ise  Wan  Typhoon  and 

fheir  Peculiarities.  Doboku  Gakkai  (Institute  of  Civil  Engineef- 
ng).  Speeches  at  the  ?th  Coastal  Engineering  Symposium  (I960) 
(2)  Yoshikawai  Countermeasures  Against  High  Tides  at  Ise  Wan.  Doboku 
Cakkai  (institute  of  Civil  Engineering),  7th  Coastal  Engineer- 
ing Symposium  (I960) 


Based  on  observations  made,  the  following  were  determined  as 
the  major  causes  for  the  extensive  damages  suffered i 

1.  Inadequate  embankment  height  and  inadequate  width  of  the 
crown t inadequate  barrier  provided  against  overtopping  waves  and 
poor  resistance  to  wave  actions. 

2.  Failure  to  provide  adequate  armors  for  the  crown  and  rear 
embankment  spreads i overtopping  waves  and  wave  splashes  washed 
away  the  earth  and  sand  of  embankment  cores. 

3.  Too  extremely  protruded  and  indented  embankment  contours i 
protruding  embankments  subjected  to  excessive  wave  actions  and 
overly  indented  embankments,  to  high  wave  actions  to  cause  excess- 
ive overtopping  of  waves  to  weaken  and  destroy  the  embankment. 

4.  Improper  watertightness  of  face  spread  armors t blistering 
after  years  of  exposure  led  to  seepage  and  in  turn,  to  the  removal 
of  rear  earth  and  sand  and  eventually  to  the  cracking  and  destruct- 
ion of  the  concrete  to  destroy  the  embankment. 

5*  Weakness  of  face  spread  armors t inadequate  thickness  of 
the  face  concrete  armors  permitted  penetration  of  seeping  water 
from  wave  actions  into  the  armors  to  bring  about  the  collapse  of 
the  whole  embankment. 

6.  Poor  compaction  of  embankment  core's  earth  and  sandi  the 
settling  of  embankment  core  accompanied  by  gaps  and  hollow  spots 
to  permit  water  seepage  fr^om  wave  actions  to  gradually  destroy  the 
armors  and  then  the  embankment  core  itself. 

7.  The  effect  of  connecting  the  concrete  wave  deflector  to  the 
top  of  the  rock  armor  sea  walls  weak  connecting  joints  plus  con- 
stant exposure  to  strong  action  of  waves  frequently  led  to  the 
toppling  of  the  deflector  to  invite  greater  disaster. 

8.  The  effect  of  excessive  thickness  and  weight  of  wave  de- 
flector as  compared  to  the  lower  portion  of  the  face  spreads  ex- 
cessive weight  of  the  wave  deflector  prevented  coordinated  resist- 
ance against  overtopping  waves,  leading  to  cracks  between  the  face 
spread  armors  and  eventually  to  the  destruction  of  the  embankment. 

9*  Sluice  gates,  conduits,  etc.,  that  are  the  structural  weak 
links  of  the  coastal  embankments. 

Vfltrious  measures  have  been  Instituted  to  correct  the  short- 
comings discussued  above.  New  technical  methods  developed  from  the 
lessons  learned  from  the  above  experience  are  now  being  employed 
in  the  construction  of  new  embankments. 

Most  of  the  damages  suffered  from  high  tides  in  the  past  were 
the  result  of  ^ above.  To  cope  with  this  situation,  agencies  such 


as  the  Port  and  Harbor  Bureau*  Port  and  Harbor  Technical  Institute, 
etc.*  are  now  conducting  discussions  and  meetings  to  come  up  with 
a formulav3)  to  compute  the  required  height  of  an  embankment  crown 
and  a method  to  correct  the  inadequate  heightof  the  existing  em- 
bankments. The  minimum  width  of  a crown  has  been  set  at  3 

The  shortcomings  described  under  2 above  abetted  by  the  inade- 
quate embankment  height  referred  in  1 above  were  the  main  contri- 
buting causes  for  the  severe  danage8~~suffered  by  the  coastal  aureas 
of  Ise  Wan.  The  bitter  lesson  learned  from  this  disaster  paved 
the  way  for  the  decision  to  provide  block*  concrete*  or  asphalt 
aunnor  for  crowns  and  rear  spreads.  This  has  reduced  greatly  the 
occurrence  of  this  kind  of  disaster.  This  threat*  however*  still 
exists  in  localities  where  the  terrain  hampers  the  construction  of  a 
firm  foundation  or  the  smooth  undertaking  of  construction  work. 

This  stems  from  the  fact  that  normally  there  occurs  uneven  settling 
of  the  foundation  to  breach  the  adhesion  between  the  embankment  and 
the  face  and  rear  spread  armors  to  develop  air  gaps  and  holes i this* 
in  turn*  leads  to  seepage  from  overtopping  waves  to  endanger  the 
whole  structure. 

With  regard  to  2 above*  measures  are  being  instituted  to  correct 
the  contour  line  of  embankments  to  eliminate  extreme  protrusions 
and  indentations}  where  this  action  is  not  possible*  measures  such 
as  the  construction  of  structures  to  dissipate  the  waves*  etc.* 
are  being  undertaken. 

For  4 above*  measures  such  as  the  insertion  of  still-water 
plates  at  the  Joints*  conversion  to  a "maki"  ^olled?7  concrete  to 
strengthen  the  foundation*  installation  of  sheet  piles  (steel  or 
concrete)  in  the  foundation*  etc.*  are  being  instituted  to  ensure 
the  water-tightness  of  the  face  armors i other  moves  that  are  being 
carried  out  to  cope  with  the  problems  in  this  field  include  the 
construction  of  riprap  to  the  front  to  prevent  the  erosion  of  earth 
imd  sand  fill  from  the  wave  action  and  the  extension  of  the  "tosui" 
^Iteral  rendition!  transparent  water7  channel  to  prevent  water 
leakage. 


(3)  Port  and  Harbor  Structures*  Designing  Standards,  by  Port  & 
Harbor  BureaiT*  Ministry  of  Transpoctation*  Japan  Port  and  Harbor 
Association*  October  1969 

(4)  Standards  for  the  Construction  of  Safe  and  Secure  Coastal  Faci- 
lities. by  Minfstnies  of  frahsportati’on*  ConstVuction,  and  Agri- 
culture and  Forestry*  December  196? 
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There  were  a nunber  of  other  major  typhoons  beside  the  Ise 
Wan  typhoon  that  hit  our  coast  to  cause  severe  damages  to  the  struc- 
ures  as  a result  of  the  shortcomings  mentioned  in  ^ above.  The 
damages  suffered  from  these  calamities  were  traced  to  the  exposed 
rock  piles  and  thin  concrete  spreads  of  face  armors.  Most  of  the 
newly  constructed  embankments  are  now  being  provided  with  face 
spread  armors  of  50  cm  thickness  or  more,  and  thus,  it  can  be  said 
that  part  of  the  past  damage  causes  has  been  removed.  It  must  be 
noted,  however,  that  the  location  and  configuration  of  embankments 
are  the  final  determinants  for  the  type  of  wave  actions  to  be  en- 
countered by  the  embankment  structures,  but  sad  to  say,  an  embank- 
ment with  the  proper  design  to  cope  with  this  situation  has  not 
been  developed  so  far  and  remains  a priority  project  that  requires 
urgent  attention. 

With  regard  to  6 above,  it  is  quite  possible  to  construct  em- 
bankments that  are  not  only  solid  but  free  from  the  worry  of  sink- 
ing foundation,  soil  erosion  from  wave  wash,  open  joints  and  weep 
holes  that  can  breach  the  embankment  from  armors,  damaging  up- 
rushing  and  overtopping  waves,  etc.  This  can  be  done  by  carefully 
mixing  the  embankment's  earth  and  sand  with  loam  or  clay.  Dictated 
by  the  pressure  exerted  to  complete  the  construction  as  quickly  as 
possible,  this  approach  has  not  gained  the  popularity  among  the 
builders  as  it  rightly  shotild.  Instead,  methods  such  as  the  use  of 
sand  pxunps  to  blow  the  sand  into  place  to  build  medium-packed  em- 
bankments remain  the  main  embankment  construction  methods  so  far 
to  show  that  very  little  advancement  has  been  made  to  correct  the 
shortcomings  under  this  category.  In  the  areas  where  the  terrain 
and  soil  prevent  the  construction  of  firm  foundations, however,  new 
modern  methods,  such  as  sand-drain  method,  vibro-flotation  method, 
etc.,  have  been  adopted  to  carry  out  the  construction  work. 

With  regard  to  2 above,  measures  such  as  the  laying  of  pell-mell 
concretes  in  front  of  the  rock  piles,  construction  of  rock  pile 
embankments  with  tie-backs  to  "deadmen”  burled  in  the  earth,  etc., 
are  being  instituted  in  the  areas  where  severe  hits  from  strong 
wave  actions  are  expected,  but  so  far,  none  of  the  expected  strikes 
has  happened. 

Measures  carried  out  under  2 discussed  above  are  also  being 
instituted  for  the  shortcomings  under  8. 

With  regard  to  £ above,  measures  are  being  undertaken  to  strength- 
en the  positions  where  sluice  gates,  conduits,  etc.,  are  installed 


80  that  they  will  not  develop  into  the  weak  links  of  the  structures 
and  also  to  see  that  their  connections  to  the  embankment  structures 
(both  front  etnd  back)  could  be  carried  out  easily  and  smoothly.  Be* 
cause  of  the  failure  to  carry  out  comparable  strengthening  of  the 
adjacent  areas,  problems  such  as  the  sinking  of  the  adjacent  areas, 
cracking  of  joints,  etc,,  have  been  surfacing  to  become  new  criti- 
cal problems  in  this  field. 

In  recent  years,  the  following  have  developed  into  major  pro- 
blems of  embankment  destruction. 

10,  The  wear  and  tear  of  the  edges  of  spreads,  triggering  the 
gradual  breakdown  process  and  the  eventual  collapse  of  the  found- 
ation. 

11.  The  destruction  of  the  crown  by  the  heavy  vehicle  traffic 
followed  by  the  sinking  of  the  embankment  earth  and  saind  and  the 
exposure  of  the  bedding  anchor  due  partly  to  the  poor  resistance 
capabilities  of  the  rear  spread  and  the  bedding  anchor  to  create  a 
situation  where  the  whole  structure  could  suffer  severe  damages 
from  heavy  storm  or  overtopping  waves. 

The  development  of  ^ above  came  about,  it  is  believed,  as  a 
result  of  (1)  the  failure  to  strengthen  the  lower  portion  of  the 
embankment  at  the  same  time  the  upper  portion  was  strengthened  as 
a preventive  measure  to  cope  with  high  tides  accompanying  strong 
typhoons,  such  as  the  Ise  Wan  typhoon,  that  can  cause  extensive 
damage  I (2)  the  erosion  of  the  coastal  areas  which  is  developing 
into  a serious  problem i and  (3)  the  greater  exposure  of  the  edges 
of  spreads  to  the  action  of  waves  brought  about  by  the  filling  of 
offshore  water  to  build  sea  walls  instead  of  embankments. 

In  the  past,  the  embankments  constructed  along  the  coastline 
with  fairly  well  developed  front  beaches  were  provided  with  relative- 
ly shallow  beddings.  The  work  of  solidifying  these  beddings,  more- 
over. was  cut  to  the  minimum  or  was  undertaken  to  meet  the  minimum 
requirements  only.  Thus,  the  erosion  of  the  front  beaches  that 
normally  occurs  with  the  seasonal  beach  line  chcuiges  led  to  the 
greater  exposure  of  the  edges  of  the  embankment  spreads  to  wave 
wash  action  of  the  coastal  waves  to  accentuate  their  wear  and  tear 
and  subsequently  to  the  shifting  and  sinking  of  foundations  and  to 
the  drainage  of  embankment  earth  and  sand  from  the  bottom  to 
gradually  break  down  and  destroy  the  whole  embankment.  For  the  em- 
bankments that  were  expected  to  face  heavy  action  of  the  waves  and 
for  the  sea  walls  that  were  constructed  on  reclaimed  land  to  the 
front,  the  beddings  of  their  foundations  were  made  deeper  and  steel 
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or  concrete  sheet  piles  were  installed  in  the  lower  section  of 
the  foundations  to  serve  as  countermeasures  against  the  aforemen- 
tioned wear  and  tear  and  drainage.  In  many  areas  too,  measures 
such  as  the  building  of  rip-rap,  laying  of  huge  rocks,  etc,,  were 
instituted  to  cope  with  the  excessive  wear  and  tear  of  the  spread 
edges.  Despite  these  efforts,  however,  very  little  inroad  has 
been  made  so  far  to  resolve  this  problem.  The  basic  difficulty, 
it  should  be  noted,  stems  from  the  fact  that  the  wear  and  tear  of 
spread  edges  is  a development  governed  by  a number  of  external 
factors  including  the  seasonal  changes  that  occur  to  the  front 
beaches,  the  environmental  chajiges  that  take  place  as  a result  of 
undertakings  such  as  reclamation  work,  construction  of  port,  har- 
bor, and  coastal  facilities,  changes  generated  by  the  construct- 
ion of  foundations  or  by  the  solidification  work  undertaken  on 
beddings,  etc.  The  difficulty  of  conducting  visible  check  of  bed- 
ding rocks,  submerged  below  the  water  surface,  is  another  matter 
that  is  compounding  the  problem  on  hand.  At  the  present  time,  re- 
liance is  being  placed  on  the  bedding  consolidation  work  (beddings 
with  shallow  foundation  but  reinforced  with  short  sheet  piles)  to 
serve  as  the  main  deterrent  eigainst  the  aforementioned  wear  end 
tear.  One  of  the  criticisms  being  aired  against  the  above  is  that 
sheet  piles  in  the  order  of  3 to  5 meters  that  are  bei^  employed 
are  too  short  to  be  effective,  particularly  in  preventing  the  ero- 
sion of  very  fine  grain  soil,  and  can  lead  to  the  development  of 
weep  holes  and  gaps  in  the  embankments. 

The  development  under  11  above  was  brought  about  by  the  more 
extensive  use  of  the  embankments*  crowns  as  roadways  to  help  meet 
the  cargo  hauling  requirements  of  our  country  that  have  been  boom- 
eranging  in  recent  years.  The  heavy  loads  and  traffic  that  travel 
over  the  crowns  have  caused  heavy  damages  to  these  crowns  in  many 
areas  and  have  led  to  the  exposure  of  rear  spread  armors  and  bed- 
ding anchors  to  nature  and  to  the  erosion  of  embankment  soil 
and  armors.  In  connection  with  this  problem,  it  is  well  to  re- 
member that  in  the  past,  the  designing  as  well  as  the  construct- 
ion of  an  embankment  or  a sea  wall  was  undertaken  with  little  or  no 
thought  given  to  its  use  as  a roadway  to  carry  heavy  loads  and 
traffic.  Thus,  if  there  develops  a need  to  do  so,  due  consider- 
ation must  be  given  to  see  that  the  load  that  it  will  be  called 
upon  to  carry  will  be  well  within  its  capacity  and  will  not  lead 
to  its  breakdown. 


- 13 


i 


B.  Breakdovm  Process  of  Coastal  Embankments  and  Visible 
Indicators  of  Changes  (wasting  Index) 

It  is  believed  that  the  breakdovm  process  of  embankments  and 
sea  walls  that  had  suffered  damages  from  uncommon  weather  conditions 
will  generally  follow  a certain  set  pattern.  This  statement  does 
not  apply » however,  to  the  breakdovm  caused  by  rare  typhoons,  such 
as  the  one  that  hit  Ise  Wan  (this  kind  of  disaster  poses  much  greater 
and  more  complex  basic,  structural,  and  planning  problems }.  The 
research  undertaken  so  far  to  probe  this  breakdovm  process  and 
phenomena  has  been  far  from  satisfactory.  This  is  especially  true 
for  the  fields  of  soil  engineering  and  structural  mechanics.  The 
difficulty  of  conducting  structural  analysis  because  of  the  differ- 
ent and  varied  mixtures  of  soil  and  concrete  that  are  employed  in 
the  construction  of  embankment  structures,  the  problem  of  accurate- 
ly determining  the  precise  role  played  by  the  various  external 
forces,  such  as  the  action  of  waves,  in  the  breakdovm  process  of 
structiires,  the  absence  of  a uniform  national  construction  standards 
for  embankments  and  sea  walls  that  cem  serve  as  the  basis  for  con- 
ducting meaningful  technical  analysis  of  structures,  and  the  lack 
of  proper  maintenance  and  control  of  embankments  and  sea  walls  as 
a result  of  the  laxity  in  vigilance  that  had  set  in  since  the  con- 
struction (a  la  the  saying,  "Disaster  comes  around  just  about  the 
time  the  last  one  is  forgotten")  are  some  of  the  main  negative 
reasons  that  have  discouraged  the  undertaking  of  research  in  this 
field.  Extensive  developmental  work,  such  as  the  establishment  of 
seaside  industrial  zones,  construction  of  housings  on  reclaimed 
coastal  areas,  etc.,  have  been  taking  place  along  our  coastline  in 
recent  yeaurst  this  could  mean  that  a disaster  hit  of  the  future 
will  have  much  greater  impact  than  in  the  past.  In  addition  to  the 
destruction  of  life  and  property  of  the  people  living  in  the  area, 
a disastrous  calamity  of  the  future  can  seriously  affect  the  economy 
of  our  whole  country.  For  this  reason,  there  exists  the  urgent  need 
to  push  for  the  research  on  soil  engineering  and  structural  mecha- 
nics of  coastal  embankments. 

If  it  can  be  assumed  that  the  wasting  of  an  embamkment  or  a 
sea  wall  is  a breakdown  process  of  its  structures,  then  it  can  be 
assumed  that  the  unique  visible  changes  or  multiple  combination 
changes  (e.g. , initial  swface  cracks,  sinking  process,  etc.)  that 
occur  /xo  the  structures/  are  manifestation  of  the  various  stages 
of  this  breakdown  process.  If  one  can  show  the  wasting  of  struct- 
ures by  examining  these  visible  changes,  what  great  contribution 
it  will  be  not  only  for  the  maintenance  and  control  work  that  must 
be  done  but  for  the  designing  of  structures  as  well. 
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The  flow  charts.  3*2  (1)*(7).  were  prepared  from  the  visible 
changes  that  were  observed  in  the  breakdown  process  of  embankments. 
The  information  provided  (restricted  to  embankments  only)  has  not 
been  confirmed,  but  represents  the  best  analysis  from  available 
data,  A sea  wall  is  generally  regarded  as  an  embankment  without 
the  rear  spread  armor  and  the  bedding  anchor i thus,  the  structural 
data  given  for  the  embankments  in  this  section  should  apply  to  sea 
walls  as  well. 

The  shape  and  the  nomenclature  of  a typical  embankment  are 
shown  in  Chart  3*1«  The  model  chosen  for  this  study  was  a three- 
sided  concrete  armor  embankment.  The  thickness  of  the  face  spread 
armor  was  assumed  to  be  50  cm.  and  the  thickness  of  the  armors  for 
the  crown  and  the  rear  spread,  15*20  cm.  Actually,  there  are  many 
different  types  of  embankments  in  existence t there  are  some  with 
asphalt  as  the  armors  for  the  crown  and  the  rear  spread,  some  with 
the  face  spread  standing  almost  vertical,  and  some  with  mvdtiple 
front  and  rear  spread  sections.  The  one  in  Chart  3*^  selected 
in  the  belief  that  it  adequately  represented  the  other  types  and 
that  it  will  adequately  serve  the  need  for  the  discussions  to  fol- 
low on  the  visible  changes  that  occur  to  embankments. 

Chart  3*1  ~ Nomenclature  of  a Coastal  Embankment 
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1.  Hastening  of  Embankment  Disintegration  by  Erosion  of  Found- 
ation and  Other  Causes  Brought  About  by  Wave  Action  (see 

Chart  3.2  (1)) 

Breakdown  cases  that  fall  under  this  category  are  those  that 
occur  from  the  action  of  waves.  The  disintegration  (scattering)  of 
the  reinforced  bedding  from  the  pressvure  exerted  by  wave  forces 
eventually  erodes  the  foundations  this,  in  turn,  leads  to  the 
collapse  of  the  embankment.  This  breakdown  process  is  shown  in 
Chart  3.2  (1),  In  most  cases,  however,  the  actual  breakdown  pro- 
cess does  not  go  beyond  the  disintegration  of  the  reinforced  con- 
crete or  the  erosion  of  the  lower  half  of  the  foundation.  It  can 
be  said  too,  that  there  have  been  very  few  cases  where  a complete 
collapse  had  occurred  from  the  first  exposure  of  an  embankment  to 
some  unusual  weather  condition.  Exposure,  however,  to  continuing 
adverse  weather  conditions  can  cause  severe  damages  to  the  struct- 
ures to  bring,  about  the  collapse.  There  have  been  many  cases 
where  the  erosion  of  an  embankment  had  been  triggered  by  a minor 
calamity.  In  most  of  these  cases,  the  erosion  developed  small 
breaches  that  remained  undetected  and  as  a result,  subsequent  cala- 
mities served  as  the  aggravating  force  for  these  breaches  to  bring 
about  embankment  rupture  and  crown  cracks.  The  resultant  impact 
of  this  development  was  the  seepage  of  overtopping  waves  euid  rain 
water  into  the  embankment  core  to  shift  the  earth  amd  samd  to  break 
down  the  solidity  of  the  foundation.  This  meamt,  of  course,  that 
whenever  a new  storm  hit  the  area  to  cause  the  waves  or  the  rain 
to  overflow  the  embankment  or  when  the  crown  was  used  excessively 
by  heavy  traffic,  there  would  be  more  extensive  and  more  rapid 
breakdown  of  the  whole  embankment.  To  cope  with  this  situation, 
steps  such  as  the  installation  of  sheet  piles  to  halt  the  seepage 
below  the  bottom  half  of  the  foundation,  etc.,  have  been  initiated. 
It  has  been  reported(5),  however,  that  the  effectiveness  of  these 
steps  has  been  hampered  greatly  by  the  failure  to  correct  the  con- 
struction flaws  that  still  exist  in  the  field,  such  as  the  improper 
tie-ups  of  the  sheet  piles,  shortness  of  the  sheet  piles  used,  ex- 
cessive fineness  of  the  sand  used  for  embankment  core,  etc. 

As  the  erosion  of  the  foundation  becomes  more  pronounced,  the 
foundation  begins  to  sink  to  develop  a breach  between  the  face 
spread  armor  and  the  foundation  to  open  the  way  for  the  embankment 
earth  and  sand  to  wash  away.  When  this  occurs,  small  air  holes  and 
gaps  begin  to  develop  within  the  embankment.  As  long  as  they  remain 

(5)  Four  Basic  Coastal  Problems,  by  Toshima  Osamu,  Doboku  Gijutsu 
Shiryo  (civil  Engineering  Technical  Data),  10-5,  PP  215 
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small,  no  serious  problem  will  develop,  but  their  growth  in  size 
could  lead  to  trouble,  such  as  foundation  break,  cracking  of  crown, 
rupture  to  concrete  structures,  etc.  Concrete  embankments  have 
greater  resistance  to  these  breakdowns,  but  once  they  set  in,  even 
these  embankments  are  doomed  to  destruction.  Failure  to  institute 
corrective  measures  to  arrest  these  breakdowns  will  lead  to  further 
disintegrations,  such  as  the  cracking  of  the  rear  spread  armor  (and 
even  face  spread  armor  with  its  thicker  covering),  sinking  of  the 
wave  deflector,  damage  to  the  crown,  etc,,  and  eventually  to  the 
collapse  of  the  whole  embankment. 

In  addition  to  the  case  mentioned  above,  the  drainage  of  em- 
bankment earth  and  sand  has  occurred  from  cracks  and  angular  breaks 
that  developed  at  the  ground  site.  The  cracks  referred  above  were 
caused  by  the  sinking  or  forward  tilting  of  the  foundation,  and  the 
angular  breaks,  by  the  use  of  poor  material,  poor  construction  work, 
or  friction  between  the  bedding  anchors  that  shifted  their  positions 
from  the  action  of  waves.  The  primary  cause  of  the  aforementioned 
sinking  and  tilting  could  be  traced  to  poor  designing  work)  that  is 
to  say,  the  inadequate  designed  capacity  of  the  foundation  to  handle 
the  weight  load  of  the  wave  deflector  and  the  face  spread  armor. 

The  erosion  of  embankment  earth  and  sand  normally  develops  at 
a very  slow  pace  beginning  with  weep  holes  and  small  gaps.  The 
difficulty  of  detecting  these  flaws  has  prevented  the  adoption  of 
effective  countermeasures  and  has  led  to  the  development  of  serious 
damage  to  the  embankment. 


Chart  3.2  (1) 
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2,  Hastening  of  Embankment  Disintegration  by  Crashing  Waves  (see 

Chart  3.2  (2)) 

Waves  packing  powerful  force  that  crash  against  embankments  have 
been  known  to  tilt  the  wave  reflector  backward  and  in  some  cases*  to 
topple  it  completely.  There  have  been  a number  of  cases  where  waves 
of  this  magnitude  had  destroyed  embankments  with  weep  holes  below 
the  face  spread  armor. 

It  can  be  expected  that  strong  waves  that  crash  against  embank- 
ments will  bring  heavy  overtopping  waves  and  that  defective  crown 
or  rear  spread  armor  will  be  suffering  severe  damages  from  this 
overtopping.  Recent  measures  instituted  to  cope  with  this  problem 
Include  the  construction  of  wave  breakers  emd  the  thickening  of  the 
face  spread  armor.  This  approach  eliminated  the  need  to  tamper  with 
the  idea  of  building  a larger  wave  deflector  and  has  reduced  greatly 
the  damages  suffered  from  the  crashing  waves. 

Chart  3.2  (2) 
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(continued  Chart  3,2  (2)) 
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3,  Hastening  of  Embankment  Disintegration  by  Water  Level  Differ- 
ence Between  Inside  and  Outside  the  Embankment  During  High 
Tides  (see  Chart  3*2  (3)) 

Breakdown  cases  that  fall  under  this  category  are  those  that 
occiur  from  the  difference  in  the  water  levels  within  and  outside 
the  embankment  during  high  tides.  This  difference  can  cause  the 
tilting  of  the  wave  deflector  (parapet)  to  develop  a small  drain 
passage  I this  passage  gradually  grove  in  size  to  topple  or  damage 
the  wave  deflector. 
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Chart.  2 D) 
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5.  Hastening  of  Embankment  Disintegration  by  Heavy  Traffic  and 
Loads  That  Pass  Over  the  Crown  (see  Chart  3.2  (4)) 

It  is  believed  that  because  of  natira  1 phenomena,  such  as  the 
compaction  and  settlement  of  embamkmenx  earth  and  sand,  gaps  and 
weep  holes  can  be  found  in  all  embankments,  even  in  those  embank- 
ments under  the  best  of  control  system.  It  can  be  said  too  that  it 
would  not  be  wrong  to  assume  that  because  of  the  inevitable  em- 
bankment soil  erosion  that  occurs  from  a multitude  of  causes,  weep 
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I holes,  normally  found  under  the  crown,  are  common  flaws  of  all 

j embankments.  The  use  of  the  embankment  top  by  vehicles  carrying 

heavy  loads,  therefore,  could  have  a serious  effect  on  the  crown. 

It  could  easily  lead  to  the  cracking  of  the  concrete  armor  of  the 
I crown  and  to  the  erosion  of  the  soil  beneath  it  to  bring  about  its 
* ultimate  destruction.  This  problem, it  may  be  pointed  out,  is  no 
different  from  the  one  faced  in  the  maintenance  of  highway  pave- 
I ments.  Basically,  all  embankments  were  desired  and  constructed 
I as  shore  protective  structures  against  the  rising  water  level  of 
the  seas  and  were  not  conceived  to  serve  as  roadways  to  carry  heavy 

(cargoes.  Thus,  in  the  designing  work  undertaken,  attention  was 
focussed  on  the  strength  of  the  face  spread  armor  and  the  founda- 
tion to  see  that  they  were  firmly  built  amd  were  fully  capable  of 

I resisting  the  onslaught  of  the  frontal  waves,  but  little  import- 
ance was  placed  on  the  strength  of  the  rear  spread  armor  or  the 
bedding  anchor.  For  the  latter,  about  the  only  consideration  given 
was  to  see  that  they  were  strong  enough  to  support  the  resistance 
I of  the  embankment  against  wave  forces  and  hydraulic  pressure.  Need- 
i less  to  say,  the  use  of  these  inadequately  prepared  embankments  for 
the  hauling  of  heavy  loads  has  been  taking  its  toll.  The  higher 
r earth  pressure  of  the  embankment  soil,  the  inability  of  the  small 
I £md  shallowly  iraplaced  bedding  anchors  to  beau:  the  weight  pressure, 
etc.,  have  led  to  ground  rupture,  cracking  of  rear  spread  armor, 

. exposure  of  bedding  ainchor,  etc.,  to  change  the  outer  appearauice 
I of  the  embankments.  These  developments  accompanied  by  the  crack- 
ing of  the  crown  and  the  rupture  of  the  ground  site  have  intensi- 

fied greatly  the  erosion  of  embankment  earth  auid  sauid.  The  end 
result  of  all  of  the  above  has  been  the  enlaurgement  of  the  seepage 

openings,  the  hastening  of  the  ultimate  destruction  of  the  crown 

and  the  rear  spread,  and  the  development  of  a situation  where  a hit 
by  a calaunity  packing  heavy  overtopping  waves  could  mean  the  end  to 
many  embankments. 


Chart  3.2  (4) 
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5.  Hastening  of  Dnbankment  Disintegration  by  Earth  Pressure  of 

Embankment  Earth  and  Sand  (see  Chart  3.2  (5)) 

The  exposure  of  the  bedding  anchor  and  the  rear  spread  armor 
will  develop  under  the  following  conditions!  (1)  the  implacement 
of  the  bedding  anchor  is  too  shallow  in  relation  to  the  height  of 
the  embankment  I (2)  the  bedding  anchor  is  too  small  to  resist  the 
earth  pressure  of  the  embankment  earth  and  sandi  and  (3)  the  reeu: 
spread  armor  is  too  thin  and  weak  despite  the  fact  that  the  bedding 
anchor  had  been  amply  strengthened. 

The  above  plus  the  inadequate  height  of  the  crown  prompted  the 
adoption  of  the  measure  to  pile  up  the  embankment  core  higher,  but 
even  this  step  will  be  to  no  avail  against  the  above  development 
without  the  reinforcement  of  the  bedding  anchor  and  without  the 
decision  to  cancel  the  deepening  of  the  tide  stopper  located  be> 
hind  the  bedding  anchor.  This  kind  of  breakdown  process  can  occxur 
easily  when  the  rear  spread  armor  is  a single  section  and  where 
there  is  a big  elevation  difference  between  the  bedding  anchor  and 
the  crown.  If  the  elevation  difference  is  5 m or  more,  ample  re- 
inforcement of  the  multiple  section  /of  the  rear  spread  armor?/ 
or  the  bedding  anchor  must  be  undertaken. 

The  drainage  of  the  embankment  core,  aggravated  by  heavy  over- 
topping waves,  is  a distinct  possibility  under  this  breakdown  pro- 
cess, but  for  the  most  part,  the  normal  breakdowns  are  changes, 
such  as  the  slippage  and  breach  of: the  rear  spread  armor,  rupture 
of  the  crown  at  the  ground  site,  breach  of  the  reau*  spread  armor 
with  thin  covering,  etc.,  that  are  all  visible  from  the  surface. 
There  have  been  very  few  cases  where  these  breakdowns  had  not  been 
noticed  and  had  been  left  unattended  to  bring  about  the  downfall 
of  the  whole  embankment. 


Chart  3.2  (5) 
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6.  Hastening  of  Embankment  Disintegration  by  Compaction  and 

Settlement  of  Embankment  Eaurth  and  Sand  (see  Chart  3.2  (6)) 

In  most  cases,  embankments  are  constructed  by  using  the  avail- 
able sand  on  the  front  beaches  after  which  the  three  sides  are  pro- 
vided with  coverings.  The  compaction  of  the  sand  blown  onto  the 
embankment  by  a side  pump  is  normally  confined,  however,  to  the 
bull-dozers  used  for  leveling.  Therefore,  after  the  completion  and 
the  passage  of  several  years,  gaps  normally  develop  between  the  con- 
cre  > blocks  that  had  been  laid  as  coverings  on  the  three  sides  be- 
cause of  the  compaction  and  settlement  of  the  embankment  core.  Even 
if  the  best  of  precaution  is  taken  at  the  time  of  the  construction, 
moreover,  there  normally  will  develop  seepage  of  rain  water,  etc., 
into  the  embankment.  The  fluctuating  level  of  the  tides  that  hit 
from  the  front  affects  the  water  level  within  the  embankment,  caus- 
ing the  penetration  of  very  fine  grain  of  sand  to  settle  in-between 
the  rocks  that  had  been  laid  below  the  coverings.  These  sand  event- 
ually create  weep  holes  and  gaps  inside  the  embankment  core  to  cause 
the  sinking  and  cracking  of  the  concrete  blocks  of  the  crown  from 
their  own  weight,  which,  in  turn,  lead  to  the  rupture  and  soil  ero- 
sion of  the  ground  site.  Needless  to  say,  these  breakdowns  can  be 
greatly  accelerated  by  the  excessive  use  of  the  embankment  crown 
by  heavy  vehicles  and  loads.  Growing  deterioration  of  the  crown 
will  be  accompanied  by  growing  seepage  of  rain  water,  overtopping 
waves,  etc.,  into  the  embankment i this,  in  turn,  will  aggravate  the 
drainage  of  the  embankment  earth  and  sand  from  both  the  front  and 
the  back  of  the  embankment.  This  problem,  it  should  be  noted,  will 
be  greatly  magnified  if  the  embankment  core  is  made  up  of  very  fine 
sand  and  soil.  As  can  be  seen  from  the  above,  the  structure  that 
encounters  the  severest  of  damage  from  this  breakdown  is  the  crown. 
Fortunately,  repair  or  replacement  of  the  damaged  crowns  is  being 
carried  out  because  if  unattended,  grave  consequences,  such  as  the 
exposure  of  the  bedding  anchor,  breach  in  the  reeur  spread  armor  at 
the  ground  site,  etc.,  could  develop  and  could  bring  about  the  si- 
tuation where  a hit  by  severe  overtopping  waves  would  destroy  or 
wash  away  the  crown  and  the  rear  spread  armor  to  topple  the  whole 
embanianent. 

A number  of  countermeasures , such  as  the  use  of  more  sticky 
soil  for  the  embankment  core  to  provide  better  adhesive  strength, 
placement  of  suitable  filter  layer  in-between  the  embankment  soil 
and  the  fill,  etc.,  aure  available  to  cope  with  the  breakdowns  under 
this  category,  but  so  far,  none  of  these  measures  has  been  instituted. 
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Chart  3.2  (6) 
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(In  the  order  of  cm) 
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Drain  of  fine  earth  & sand 
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ment and  filled  rip  rap 


Cracking  of  crown 

Rupture  of  crown  concrete  blocks 

Slippage  & break  of  work  sitei 
slippage  and  break  of  wave  de- 
flector and  rear  spread  armor 
from  ground  site 

Erosion  of  embankment  earth  & 
sand  caused  by  seepage  of  over- 
toppiiig  waves  and  rain  water 
from  crown  (drainage  from  edge 
of  rear  sj^read  armor) 

Exposure  of  bedding  anchor 


Slippage  and  break  of  rear  spread 
armor  at  work  site 

Rupture  of  rear  spread  armor 


I overtopping 
' waves  • 


Collapse  of  embankment 


7.  Hastening  of  Embankment  Disintegration  by  the  Sinking  of 

Base  From  the  Weight  of  Embankment  (see  Chart  3.2  (7)) 

The  breakdovm  under  this  category  differs  from  the  breakdown 
caused  by  the  compaction  and  settlement  (sinking)  of  the  embankment 
earth  and  sand  that  was  discussed  in  the  previous  section.  The 
cases  that  fall  under  this  category  are  those  that  occur  from  the 
inability  of  the  base  to  support  the  weight  of  the  embankment.  This 
inability  usually  leads  to  its  sinking  and  in  turn«  to  the  uneven 
sinking  of  the  various  parts  of  the  embankment  to  develop  struct- 
xiral  breakdowns,  such  as  rupture  of  concrete  work,  exposure  of  the 
bedding  anchor,  breach  at  the  ground  site,  etc.  The  deterioration 
rate  of  these  structures  will  be  accelerated  greatly  by  develop- 
ments, such  as  a hit  by  a heavy  storm  with  strong  attacki^  waves, 
or  by  abuses,  such  as  the  use  of  the  crown  by  heavy  traffic  and 
loads,  to  bring  about  the  early  collapse  of  the  whole  embankment. 

Weak  bases  must  be  renovated  and  reinforced  to  meet  the  require- 
ments. Due  care  must  be  exercised  at  the  time  of  the  designing  to 
see  that  the  base  will  be  strong  and  firm  and  that  there  will  be  no 
uneven  sinking  of  the  embankment.  These  precautions  will  prevent 
the  development  of  serious  problems. 
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C,  visible  Indicators  of  the  Wasting  of  Various  Parts  of  an 

Embankment 

In  section  B,  discussions  were  conducted  on  the  breakdown  pro- 
cess of  embankments  and  on  the  typical  changes  that  occur  to  the 
various  parts  of  an  embankment  that  can  be  seen  from  the  outside 
in  the  breakdown  process.  In  actuality,  an  embankment  is  made  up 
of  many  more  sections  than  those  shown  in  Chart  3.1  and  if  closer 
observations  are  made,  many  more  breakdowns  can  be  detected. 

In  essence,  the  actual  relationship  between  the  breakdown  pro- 
cess and  the  changes  that  appear  on  the  surface  of  an  embankment 
still  remains  a matter  of  conjecture.  It  is  believed  that  a clearer 
understanding  of  this  relationship  could  be  gained  by  adopting  the 
following  approach  to  the  problem i (1)  first  catalogue  the  visible 
changes  that  have  occurred  to  the  various  parts  of  an  embankment 
(to  serve  as  ready  reference  aid),  and  (2)  then  compare  the  changes 
observed  in  the  actual  breakdown  survey  conducted  on  an  embankment 
with  the  changes  listed  in  the  aforementioned  catalogue  to  obtain 
corroborative  evidence  of  the  relationship  between  the  two.  The 
use  of  this  knowledge  and  the  catalogue  mentioned  above  should  per- 
mit the  gathering  of  reliable  data  on  the  breakdown  process  (i.e,, 
the  extent  of  the  wasting)  of  embankments. 

Most  probably,  the  basic  problem  to  be  encountered  under  this 
approach  will  be  the  difficulty  of  correctly  evaluating  the  signi- 
ficance of  the  visible  changes  to  the  embankments  that  had  been 
observed  and  correctly  categorizing  them  under  the  proper  groupings. 

Table  3.1  presents  the  vairious  external  chamges  (wasting  indi- 
cators) that  were  observed  on  the  various  parts  of  embankments, 
changes  that  could  be  employed  as  the  basic  wasting  data  of  coastal 
embankments  for  the  study  approach  mentioned  above. 
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Key  (to  Table  3.1) t 

1.  Name  of  structure  and  visi- 
ble indicator  of  wasting 

2.  Name  of  structure 

3.  Shape  and  location 

4.  Visible  indicator  of  wasting 

5.  Foundation 

6.  Shape 

7*  Face  spread  armor 

8,  Material  (concrete) 

9.  Ground  site  and  adjacent 
area 

10.  Crack  situation 

11.  Wave  deflector 

12.  Destruction  of  connecting 
part  to  rock  base 

13.  Burial,  dispersion  of  bed- 
ing  anchor  rock  armor 

14.  Burial,  dispersion  of  wave 
dissipation  block 

15.  Erosion 

16.  Sinking 

17.  Exposure 

18.  Exposure  toward  normal  right 
angle  direction 

19.  Protrusion  toward  normal 
right  angle  direction 

20.  Indentation  toward  normal 
right  angle  direction 

21.  Angular  break 

22.  Abrasion 

23.  Damage 

24.  Surface  rust 

25.  Breach  of  vertical  ground 
site  (normal  direction  of 
ground  site) 

26.  Angular  break  of  vertical 
ground  site  (normal  direction 
of  groxmd  site) 

27.  Vertical  slippage  of  verti- 
cal groxind  site  (normal  di- 
rection of  ground  site) 


28.  Cave-in  inside  the  surface 

of  vertical  ground  site  (nor- 
mal direction  of  ground  site) 

29.  Breach  of  horizontal  ground 
site  (normal  right  angle  di- 
rection of  ground  site) 

30.  Angular  break  of  horizontal 
ground  site  (normal  right 
angle  direction  of  ground  site) 

31.  Vertical  slippage  of  horizon- 
tal ground  site  (normal  right 
angle  direction  of  ground  site) 

32.  Cave-in  inside  the  surface 

of  horizontal  ground  site  (nor- 
mal right  angle  direction  of 
ground  site) 

33.  Breach  between  implaced  joint 
and  foundation 

34.  Angulau:  break  between  implaced 
joint  and  foundation 

35.  Vertical  slippage  of  implaced 
joint,  for  foundation 

36.  Breach  between  implaced  joint 
and  foundation 

37.  Slippage  of  implaced  joint 
from  foundation 

38.  Angular  break  of  implaced 
joint  from  foundation 

39.  Normal  direction  crack 

40.  Normal  right  angle  direction 
crack 

41.  Erosion  of  soil 

42.  Normal  indentation 

43.  Clause. 

44.  Waves 

45.  Crashing  waves 

46.  Internal  and  external  water 
levels  of  embankment  during 
high  tide 

47.  Heavy  vehicle  traffic 
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(Continued  Key  to  Table  3.1) 


48.  Earth  pressure  of  embank- 
ment earth  and  sand 

49.  Compaction  and  sinking  of 
embankment  earth  & sand 

50.  Sinking  of  base  from  weight 
of  embankment 

51.  Others 

52.  Flow 

53.  Littoral  material 

54.  Chemical  change,  weathering 

55.  Improper  construction  work 

56.  Remark 

57.  Shifting  of  foundation 

58.  Shifting  of  foundation  (sink- 
ing, tilting  forward) 

59.  (Abrasion,  chemical  change, 
and  weathering  from  wave  act- 
ion and  sand  action) 

60.  Erosion  of  ferro-concrete/ 
iron  bars  I inadequate  covering 

61.  (Exposure  from  heavy  vehicle 

traffic ) 

62.  (Uneven  sinking  of  embank- 
ment earth  and  sand) 

63.  Sinking  of  foundation 

64.  (Possibility  depending  on 
the  structure) 

65.  (Uneven  sinking  of  foxmdation) 

66.  Abrasion,  chemical  change, 
and  weathering  from  wave 
action 

67.  Crown 

68.  Material 

69.  Breach 

70.  Vertical  rlippage 

71.  slippage,  front  & back 

72.  Normal  direction  water  level 
crack 

73.  Erosion  of  soil  (very  few  or 
no  crack  of  normal  right  angle 
direction) 

74.  Erosion  of  soil  (many  cracks 
of  normal  right  angle  direct- 
ion 1 cracks  of  normal  direct- 
ion) 


75.  Erosion  of  soil  (sinking  & 
rupture  of  concrete  block) 

76.  Erosion  of  soil  (due  to 
improper  construction  work) 

77.  Breach  at  work  site 

78.  Angular  break  at  work  site 

79.  Vertical  slippage  at  work 
site 

80.  Slippage  below  the  surface 
of, work  site 

81.  Breach  between  wave  deflector 
2uid  ground  site 

82.  Vertical  slippage  between 
wave  deflector  and  ground  site 

83.  Angular  break  between  wave 
deflector  and  ground  site 

84.  Breach  between  rear  spread 
and  ground  site 

85.  Vertical  slippage  between 
rear  spread  and  ground  site 

86.  Angular  break  between  rear 
spread  and  ground  site 

87.  Only  small  nvumber  of  cracks  j 
all  normal  right  angle  di- 
rection cracks 

88.  Large  number  of  normal  right 
angle  direction  cracks 

89.  Large  numbers  of  both  normal 
right  angle  aind  normal  direct- 
ion cracks 

90.  Exposure  of  normal  right  angle 
direction 

91.  Protrusion  of  normal  right 
angle  direction 

92.  Indentation  of  normal  right 
angle  direction 

93.  Soil  erosion  of  shoulder 

94.  Erosion  of  ferro-concrete/ 
iron  bars 

95.  Presumed  existence  of  weep 
holes  and  gaps  in  embankment 
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(Continued  Key  to  Table  3.1) 


95a.  Presumed  weep  holes  & gaps 
in  embankment  to  be  fairly 
large 

96.  Overtopping  waves 

97.  Abrasion,  chemical  change,  & 
weathering  from  vehicle 
traffic  and  overtopping 
waves 

98.  Due  to  vehicle  traffic  & 
overtopping  waves 

99.  Drainage  of  embankment  earth 
& sand  from  weep  holes  in 
embankment  and  crown 1 seep- 
age of  soil  & sand  into 
rip-rap 

100.  Forward  tilting  of  wave  de- 
flector 

100a.  (Drainage  of  embankment 

earth  & sand»  possibly  from 
shifting) 

101.  Backward  tilting  of  wave 
deflector 

102.  Exposure  of  rear  spread 

103.  Most  probable  existence  of 
weep  holes  and  gaps  in 
embankment 

104.  Definite  existence  of  weep 
holes  and  gaps  in  embank- 
ment 

105.  (Heavy  traffic  - heavy  loads) 

106.  (Shift  of  bedding  anchor) 

107.  (Sinking,  forward  tilting  of 
bedding  anchor) 

108.  Erosion  of  ferro-concrete/ 

1 iron  bars  I Inadequate  cover- 
ing 

109.  Rear  spread  armor 

110.  Eoc'ling  anchor 

111.  Gi'ound  site 

112.  Break  of  vertical  ground 
site 

113.  Angular  break  of  vertical 
ground  site 

114.  Vertical  slippage  of  ver- 
tical ground  site 


115.  Slippage  below  the  surface 
of  vertical  ground  site 

116.  Breach  of  horizontal  ground 
site 

117.  Vertical  slippage  of  hori- 
zontal ground  site 

118.  Slippage  below  the  surface 
of  horizontal  ground  site 

119.  Angulaur  break  of  horizontal 
ground  site 

120.  Break  between  bedding  amchor 
amd  implaced  joint 

121.  Angular  break  between  bed- 
ding anchor  and  implaced 
joint 

122.  Verticail  slippage  of  implaced 
joint  with  bedding  anchor 

123.  Erosion  of  soil  of  normal 
direction 

124.  Pipings 

125.  Humming  noise  of  embankment 
from  wave  action  and  vehi- 
cle traffic 

126.  Exposure  and  shifting  of 
reinforced  bedding  from  ve- 
hicle traffic 

127.  Shifting  of  bedding  anchor 

128.  Shifting  of  bedding  anchor 
due  to  internal  weep  holes 
and  gaps  of  embankment 


IV.  On  the  Survey  of  Existing  Waste  Conditions  of  Coastal  Em- 
bankments 

In  Chapter  III, we  first  examined  the  breakdown  process  of  coast- 
al embankments  as  well  as  the  visible  embankment  changes  that  occur 
in  this  process  and  then  presented  the  "points"  /per  tex^  to  watch 
in  the  breakdown  process,  i.e.,  the  things  to  notice  in  the  detect- 
ion of  embankment  wasting.  These  "points"  to  be  sure  will  show 
the  existing  waste  condition  of  an  embankment,  but  they  will  not 
show  the  extent  of  the  wasting  that  has  occurred  nor  the  time  span 
before  the  wasting  will  cause  the  collapse  of  the  embankment.  The 
above  is  to  say  that  although  the  post-construction  changes  (wast- 
ing index)  that  surface  on  an  embankment  will  serve  as  wasting  signs, 
they  will  not  show  how  well  an  embankment  can  withstand  the  onslaught 
of  an  unusual  weather  that  brings  strong  waves,  high  tides,  heavy 
rainfall  and  floods,  high  water  levels,  etc.  The  answer  to  this 
question  lies  in  thorough  and  extensive  research  of  the  calamities 
that  had  occurred  to  embankments  in  the  past.  Sad  to  report,  how- 
ever, the  types  of  data  required  for  this  research  are  not  readily 
available  I that  is  to  say,  in  most  cases,  no  information  is  avail- 
able on  the  environmental  conditions  (especially  data  on  wave  force) 
that  prevailed  at  the  time  of  the  past  calamity  strikes  and  even 
data  on  the  embankment  structures  that  were  damaged  or  destroyed 
by  a calamity  as  well  as  the  conditions  of  the  soil  at  the  time  are 
difficult  to  obtain.  The  same  kind  of  problem  is  also  being  en- 
countered in  the  gathering  of  data  on  the  damaged  structures  that 
were  reconstructed  or  restored  after  a disaster.  The  difficulty  in 
these  cases  could  be  attributed  to  the  placement  of  top  priority  on 
speedy  restoration  work  to  safeguard  the  life  and  property  of  the 
people  living  to  the  rear  of  the  damaged  area  and  to  the  relegation 
of  disaster  data  collection  function  to  secondary  importance.  Need- 
less to  say,  there  are  infinite  varieties  of  disaster  damages,  neces- 
sitating meticulous  collection  of  pertinent  data  over  a long  period 
of  time  to  clearly  grasp  the  relationship  between  the  developing 
wasting  situations  and  the  external  forces,  such  as  wave  action, 
that  bring  about  these  development.  Normally,  an  important  source 
for  these  data  is  the  maintenance  and  control  files  kept  on  em- 
bankments. Unfortunately,  there  was  much  to  be  desired  in  the  files 
that  were  made  available  to  compound  the  work  that  we  had  to  under- 
take in  this  study. 

In  the  face  of  the  situations  discussed  above,  we  undertook  the 
on-the-spot  surveys  with  the  focus  of  attention  placed  on  the  fol- 
lowing! ^)  acquiring  accurate  information  on  the  existing  waste 
conditions  of  the  coastal  embankments  and  sea  walls i (2)  testing 
the  waste  conditions  of  the  structural  materials  of  the  coastal 
embankments  and  sea  walls i and  (3)  seeking  the  comprehensive  judg- 
ments of  specialists  on  the  waste  conditions. 
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These  on-the-spot  data  were  employed  as  basic  information  in 
the  preparation  of  the  wasting  index  for  the  coastal  embankments 
and  sea  walls. 

A.  Acquiring  Accurate  Information  on  the  Existing  Waste  Con- 
ditions of  Coastal  Embankments  and  Sea  Walls 

To  acquire  accurate  information  on  the  existing  waste  con- 
ditions of  coastal  embankments  and  sea  walls,  the  cooperation  of 
the  officials  in  charge  of  the  coastal  areas  of  Mie,  Ishikawa,  To- 
yama, Yamaguchi,  and  Oita  prefectures  was  sought.  From  each  of 
them,  we  obtained  a listing  of  the  so-called  "rokyuka  ^Id  and 
us eles^ "embankments  and  sea  walls  located  in  his  area  of  juris- 
diction. From  these  listings,  certain  ones  were  selected  for  the 
on-the-spot  surveys  that  were  conducted.  Those  surveyed  are  listed 
in  Chart  5.1.*  Inasmuch  as  these  listings  that  were  submitted  were 
based  on  a vague  guidance,  ”...  those  embankments  believed  to  have 
become  'rokyuka*",  many  of  the  embankments  and  sea  walls  that  were 
listed  did  not  meet  the  requirements  of  the  term,  "rekka,"  as  de- 
fined in  section  II  and  as  used  in  this  study;  even  embankments/ 
sea  walls  scheduled  for  disaster  renovation  work  were  included  in 
these  listings. 

There  were  a number  of  factors  that  compounded  the  problem 
of  acquiring  accurate  information  on  the  existing  waste  conditions 
of  embankments  and  sea  walls.  The  limited  scope  of  the  investi- 
gation conducted  and  the  insufficient  number  of  sample  breakdown 
cases  that  fell  within  the  definition  of  the  term,  "rekka,"  were 
two  of  these  factors.  With  regard  to  the  latter,  the  primary, 
cause  could  be  traced  to  the  difficulty  of  providing  clear-cut 
guidance  to  the  aforementioned  officials  in  the  selection  of  the 
embankments  and  sea  walls  to  be  listed.  This  stemmed  from  the  fact 
that  at  that  time,  there  was  no  clear  understanding  on  how  to  de- 
fine the  terra,  "rokyuka,"  nor  how  to  distinguish  the  .difference 
between  this  term  and  the  term,  "rekka,"  auid  how  this  selection 
should  be  made.  Another  factor  that  contributed  to  the  problem  on 
hand  was  the  unavailability  of  construction  data  on  old  embankments 
and  sea  walls  due  in  many  cases  to  their  misplacement  or  to  their 
filing  in  archives  to  make  their  accessibility  difficult. 

The  difference  of  opinions  on  the  term,  "rokyuka,"  among 
the  officials  responsible  for  the  maintenance  and  control  of  em- 
bankments and  sea  walls  (also  true  among  the  officials  who  were 
asked  to  prepare  the  listings)  as  well  as  the  abstract  nature  of 
the  question  itself,  was  the  primary  reason,  it  is  believed,  that 
made  it  difficult  for  us  to  gain  the  full  understanding  of  the  top 
government  officials  in  charge  of  coastal  affairs  on  the  purpose 
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of  this  study.  This  failure  was  due  for  the  most  part  to  the 
poor  explanation  that  was  provided,  but  the  very  fact  that  we 
failed  to  gain  this  understanding  did  prove  that  there  were  differ- 
ences of  opinions  on  the  urgency  of  "rokyuka"  or  "rekka"j  that  is 
to  say,  the  seriousness  of  the  wasting  conditions  of  embankments 
and  sea  walls.  That  we  were  able  through  this  study  to  alert  those 
who  are  concerned  on  the  seriousness  of  the  situation  is  a matter 
of  great  satisfaction  to  us. 

B.  Testing  the  Waste  Conditions  of  the  Structural  Materials 
of  Coastal  Embankments  and  Sea  Walls. 

We  conducted  careful  on-the-spot  surveys  of  concrete,  the  main 
material  used  for  embankments  and  sea  walls.  The  surveys  under- 
taken included  surface  observations,  compression  strength  test  via 
"SHIYUMITTO"  (Schmidt?)  hammer,  concrete  quality  evaluation  via 
supersonic  test  method,  and  concrete  material  test  via  core  boring 
of  front  surface.  The  findings  were  reported  in  Issue  No  142, 
Technical  Note  of  the  Port  and  Harbor  Research  Institute. 

C.  Comprehensive  Judgments  on  the  Wasting  of  Coastal  Em- 
bankments and  Sea  Walls 

This  study  was  undertaken  with  the  primary  objective  of  de- 
veloping a method  that  can  correctly  evaluate  and  index  the  visible 
wasting  changes  that  occur  to  embankments  and  sea  walls  on  the  basis 
of  scientific  emd  rational  approach.  If  successful,  this  can  be  a 
valuable  contribution  to  the  task  of  determining  the  mainten2mce  and 
control,  or  repair  work  that  must  be  performed  on  embankments  and 
sea  walls  to  safeguard  the  precious  life  and  property  of  the  people 
residing  in  the  area.  Although  .the  adoption  of  rational  decisions 
on  the  visible  wasting  changes  that  occur  to  embankments  and  sea 
walls  posed  no  serious  problem,  the  task  of  indexing  these  changes 
to  set  up  a wasting  index  was  by  no  mean  an  easy  one  to  achieve. 

The  study  undertaken  included  careful  review  of  the  general 
concept  on  embankment  and  sea  wall  wastes  as  well  as  the  signifi- 
cance attached  to  these  wastes,  on-the-spot  investigation  and  con- 
firmation of  wastes,  and  examination  of  the  methods  to  index  these 
wastes. 

The  designs  of  embankments  and  sea  walls  differ  greatly  from 
those  for  the  structures  found  within  a harbor  or  port,  inasmuch 
as  very  few  analysis  work  had  been  conducted  in  the  past  on  the 
response  behaviors  of  embankments  and  sea  walls,  their  handling 
under  the  principle  of  dynamics  was  made  extremely  difficult.  For 
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this  very  reason,  the  decision  made  in  the  past  on  the  specifi- 
cations for  the  parts  and  materials  of  embankments  and  sea  walls 
had  to  be  based  on  the  well-established  ^General?/  Structural 
Specifications  Manual.  Because  of  the  above,  therefore,  there  was 
no  way  to  verify  the  observed  wastes  of  the  embankments  and  sea 
walls  on  the  basis  and  under  the  concept  of  structural  dynamics. 

No  provision  was  made  in  this  study  to  conduct  some  kind  of  an  ex- 
perimental research  to  tackle  the  above  problem  and  as  a result, 
it  became  necessary  to  select  an  alternative  method  to  achieve  the 
objective  in  mind.  The  approach  chosen  was  to  strive  for  a com- 
prehensive judgment  /of  technical  specialists?/  on  the  breakdown 
signs,  such  as  visible  cracks,  slippage  at  the  ground  site,  etc., 
and  waste  conditions  of  structural  materials  of  embankments  and 
sea  v/alls  and  then  for  the  estimates  of  the  extent/degree  of  these 
wastes  from  the  standpoint  of  structural  stability. 

The  following  are  some  of  the  reasons  that  prompted  the  adopt- 
ion of  the  above  approach i 

a.  The  decision  on  the  parts  and  materials  of  the  coastal 
structures  had  not  been  based  on  the  concept  of  structural 
dynamics,  etc.,  and  thus,  there  was  no  way  to  obtain  suffi- 
cient scholarly  verification  of  the  structural  destruction. 

b.  Although  no  information  was  available  on  the  theoretical 
basis  of  the  comprehensive  judgment  offered  by  the  technical 
specialists  with  coastal  engineering  knowledge  and  practical 
experience  on  the  structural  designs  of  embankments  and  sea 
walls,  the  judgment  appeared  accurate  and  reliable. 

c.  There  was  an  absence  of  cleeir  understanding  on  the  concept 
of  wasting  from  the  very  beginning  and  yet  no  program  was  con- 
ceived nor  implemented  to  correct  the  situation. 

The  appraisal  formula  employed  in  the  comprehensive  judgment 
offered  by  the  aforementioned  technical  specialists  was  the  5~cate- 
gory  evaluation  formula  shown  in  Table  4.1. 

This  appraisal  method  and  the  accompanying  discussion  on  the 
basis  used  for  the  judgment  /TNs  No  explanation  for  the  method  or 
the  discussion  give^  helped  to  better  understand  the  concept  of 
wasting  and  led  to  the  method  of  grouping  the  visible  changes  that 
were  noted  on  subsequent  embankments,  etc,,  that  were  examined  to 
estimate  the  wastes. 

The  S'Category  evaluation  formula  showing  the  assessed  waste 
conditions  is  given  in  Table  4.1, 
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Table  4.1  • Comprehensive  Evaluation  Standaurd  of  Embankments  and 
Sea  Walls 


Evaluation 

Symbol 


Evaluation 


In  excellent  condition 

In  relatively  good  condi*> 
tion  (normal) 

Not  impossible  for  use  as  is 
Usable  with  some  repair 
Reconstruction  necesary 




b ( tta ) 

i—— 


V.  Existing  Visible  Wasting  Conditions  of  Coastal  Embankments 

and  Sea  Walls 

Existing  visible  wasting  conditions  of  the  coastal  embankments 
and  sea  walls  and  the  findings  of  the  on-the-spot  surveys  that  were 
conducted  to  evaluate  the  extent  of  the  wastings  that  had  occurred 
to  structures  are  shown  in  Chart  5»1-Chart  5.28,  and  Table  5,1-Table 
5.2.  The  suroroaury  of  facilities  surveyed  is  given  in  Table  5.1. 
Charts  5.1*‘5*28  are  cross-section  drawings  of  the  facilities  sur- 
veyed in  Yamaguchi,  Oita,  Ishikawa,  Toyama,  and  Mie  prefectures. 
Photographs  5. 1*5 .121  show  snapshots  of  the  visible  changes  that 
were  observed  on  the  various  facilities  surveyed.  The  photograph- 
ing was  focussed  on  those  subjects  that  could  be  categorized  as 
wasting  indicator.  Table  5.2  shows  the  existing  coastal  embank- 
ment wastes that  were  observed  per  checklist  of  wasting  index  dis- 
cussed in  III  £ above. 
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Table  5.1  ” Summary  of  Facilities  Surveyed 


Name/Symbol 
of  Harbor, 


Type  of 
Structure 


;jn,  the  column, — 
“embankment 
1t.i';;  asea  wall 


( "Kanchi"^ic7 

block) 


(masonry  >- 


In  the  column^. 
S“Showai  for 
the  year,  add 
25t  e#g,»  S 35 
equals  35^25, 
or  I960. 


Year  Constructed 
(Number  of  Years) 


7 


Overall 

Evaluation 


Chart 
/ No 


Remark 


, • ( ) rttt* > t<ai<r>aait^u  j^EAu-t-^T = v ^ 9 - am 


5.1^ wft»a-R / / / / 

m fi 

w m ft  8>i 

1 

\r7itif. 

feOW 
:f  tb 

1 1 

0 ft 

1 

m Jt 

~ A 

m ( ) 

.S35  on 

/ S31  (15) 

c 

H-5.1 

B 

( B »A  ) 

D 

H-5.2 

C 

m ( B « ) 

S30  (16) 

E 

0-5.3 

D 

m ( B tt ) 

S26  (20) 

D 

0-5.4 

E 

S34  (12) 

C 

0-5.5 

F 

ac  (Bti) 

S30  (16) 

E 

0-5.6 

G 

nn!  (B«) 

S 5 (41) 

D 

0-5.7 

H 

a»  Ke«5 

S 2 (44) 

E 

0-5.8 

I 

«K9  / 

829-35(17-11) 

B 

0-5.9 

J 

/ 

829-35(17-11) 

C 

0-5.10 

K 

am  1 

831  (IS) 

B 

0-S.ll 

L 

am 

829  (17) 

B 

0-5.12 

M 

am 

829  (17) 

D 

0-5.13 

N 

am 

834  (12) 

C 

0-5.14 

0 

am 

825-32(21-14) 

D 

0-5.15 

P 

am 

825-32(21-14) 

0 

0-5.16 

Q 

am 

828  (18) 

D 

0-5.17 

R 

ant 

834-37(12-  9) 

E 

0-6.18 

S 

ant 

8 7 (39) 

C 

0-5.19 

T 

a» 

8 23  (23) 

D 

0-5.20 

U 

ant 

8 32  (14) 

E 

0-5.21 

V 

ant 

834  (12)^ 

8 4 (42) 

C 

0-5.22 

w 

ant 

E 

0-5.23 

X 

ant 

8 20  (26) 

B 

0-5.24 

Y 

ant 

8 38  (8) 

B 

0-5.25 

Z 

a» 

832  (14) 

E 

0-5.26 

Z-i 

ant 

8 30  (16) 

D 

0-5.27 

Z-* 

ant 

8 40  (6) 

D 

0-5.28 

^Information  enclosed  In  parenthesis  indicates  the 
type  of  face  spread  armor  1 where  not  given,  the 
armor  Is  concrete  armor. 
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Mixed  broken 
stone  restrain 
ing  ^all?7 


5.1  A««i!9atquefrBiBQ 


*«-5.2 


Photo  5*2  - Condi 
tion  of  Masonry 
(scoured  masonry) 


■photo  5.1  - General 
View 


1 

i 

I 

I 

r 


Photo  5.^  " Crack  of 
Crown 


Phot<'  5.3  “ Crack  of 
Wave  Deflector 


2,  "B"  Harbor  I Embankment 

Embankment  located  on  the  south  side  of  Ise  Wan  at  the 
mouth  of  Isuzu  Gawa  (river) i almost  no  wave  disturbance:  farmland 
and  farm  homes  located  to  the  rear:  entire  embankment  surface, 
"kanchi"  masonry,  and  crown,  concrete  (at  the  present  time,  asphalt): 
rear  spread,  sown  mixed  beach  grass:  below  "kanchi**  masonry,  ground 
site  packed  concrete  peeled  off  and  sank  to  same  level  as  water 
level  to  develop  crevice,  creating  erosion  danger  to  embankment 
earth  and  sand:  crown  used  heavily  by  traffic,  causing  7 cm  sink- 
^ing  but  now  paved  with  asphalt. 


Photo  5.2  - Standard  Cross-section  Sketch  of  "B"  Harbor  Embankment 


■ -5.2 


5.5 

16.  al  view 


Photo  5.6  - 
Masonry  Con 
dition 
(scoured 
masonry) 


yn-5.8  Mmmtmown | 


Photo  5.7  - Loosened 
Masonry 


Photo  5.8  - Testing  Scene  of 
Upper  Portion  of  Undamaged 
Concrete 


3.  "C"  Harbor  I Embankment  (Masonry) 

Embankment  located  on  the  southeast  side  of  Kii  pen  deep  in- 
side the  Owase  Wanj  fairly  strong  in-flow  of  waves  from  Kumano  Kada, 
but  partly  abated  by  Benzai  Island  located  to  the  front;  patty  fields 
farmland,  and  railroad  located  to  the  rear;  whole  embankment  con- 
structed of  coffer  stones;  packed  concrete  at  ground  site  below  the 
coffer  stone  pile  peeled  off;  cracks  at  ground  site;  erosion  of  cof- 
fer stones  in  spots,  creating  threat  of  possible  erosion  of  embank- 
earth  and  sand;  front  reinforced  bedding  covered  with  six-legged 
concrete  block. 


Chart  5.3  " Standard  Cross-section  Sketch  of  "C"  Harbor  Embankment 


■ -5.3 


»n-5.10 


'Photo  5.9  - General 
View  (crown) 


Photo  5.10  - Condition  of 
Crown 


¥W-5.11  «0!)®(C«) 


^Photo  5.11  ■ Face 
Spread  (masonry) 


^-5.12 


8©b®Ot)tR 


Photo  5.12  - Condition 
of  Face  Spread 


4,  "D"  Haurbori  Embankment  (Masonry) 

Embankment  located  north  of  Kunisaki  peninsula  on  the  south  side 
of  Suo  Nadaj  believed  no  exposure  to  strong  wave  action*  constructed 
in  1952  as  a subsidized  project*  face  spread,  "kanchi”  masonry,  and 
crown  and  rear  spread,  covered  with  growing  mixed  grass*  face  spread, 
exposed  and  shows  depression*  ground  site  packed  concrete  peeled  off, 
showing  run  off  of  sea  water  to  indicate  possible  erosion  of  embank- 
ment eaurth  and  sand*  angular  break  of  wave  deflector’s  concrete  joint* 
wave  deflector  shows  abrasion*  shows  normal  right  angle  direction 
cra'-.k. 


Chart  5.4  - Standard  Cross-section  Sketch  of  "D"  Harbor  Embankment 


B-5-4  D««U»{»ieraEB 


-Photo  5.13  - Cross-section  View 
of  Embankment 

-Photo  5.14  - Wave  Deflector  Crack 
(upper  side) 

-Photo  5*15  ” Wave  Deflector  Crack 
(back  side) 


5.  "E"  Harbor J Sea  Wall 

Sea  wall  located  on  the  southwest  side  of  Ise  Wan  inside  an 
inlet  to  be  free  from  wave  disturbance?  depth  of  water  to  the  front, 
about  1 m?  spread  shows  crack?  farm  homes  and  farmland  located  to 
the  rear?  lower  part,  "kanchi"  block  mound  showing  few  abrasions? 
angular  break  and  damage  observable  in  pile  joints  of  block  and 
concrete  and  additional  breakdown  could  develop  erosion  of  fill? 
crack  in  sectional  direction  but  small  so  should  not  develop  into 
big  problem?  heavy  traffic  and  loads  on  crown  caused  sinking?  crack- 
ing and  angular  breaks  in  crown,  particularly  in  corner  and  at  angle 


Chart  5.5  - standard  Cross-section  Sketch  of  "E"  Harbor  Sea  Wall 


■ -5-5  E$a»9i|M»tSIia 


*11-5.1 7 «©  i i KkWiEOiWi 


Photo  5.16  - General 
View 


Photo  5.17  - Condition  Near 
Face  Spread  Ground  Site 


' I 

Photo  5.18  - Efflorescence  Photo  5.19  - Condition  Near  Face 

Near  Face  Surface  Ground  Spread  Ground  Site 

Site 


6.  "F"  Harbor j sea  Wall 

Sea  wall  located  on  the  southeast  side  of  Kii  peninsula  at  the 
innermost  site  of  an  inlet  j facing  Kximano  Nada  and  thus  not  exposed 
to  direct  wave  action  but  believed  to  be  exposed  to  heavy  diffract- 
ion waves t road  located  to  the  rear  and  bottom  of  sea  to  the  imme- 
diate front  comprised  of  small  rocks;  water  level  crack  at  ground 
site  caused  by  the  sinking  at  20  m section  due  to  "kanchi"  masonry, 
creating  danger  of  erosion  of  filled  earth  and  sand;  repair  plan 
including  the  raising  of  crown  and  the  laying  of  front  concrete  lay- 
er adopted  and  scheduled  to  be  implemented  soon. 

f- Chaurt  5.6  - Standeurd  Cross  Section  Sketch  of  "F"  Harbor  Sea  Wall 


Mixed  bro 
ken  stone 
restrain- 
ing ^a 


~ - 5.6  FfliaMtamwBEa 


p 5-22  go  b OtkSl 

-Photo  5.20  - General 
1 View 

Lphoto  5,22  - Condition 


;?g-5.23  »stxo«» 


Photo  5.21  - Condition  of 
Face  Surface 

Photo  5.23  - Rear  of  Wave 


of  Face  Surface 


Reflectdr 


7.  "G"  Harbor  I sea  Wall 

sea  wall  locat<*d  near  the  eastern  part  of  Noto  peninsula  1 


believed  to  be  receiving  heavy  dosage  of  waves  from  Toyama  Wanj  r 

roadway  and  dense  farm  homes  located  to  the  rear;  constructed  in  i 

I 1930  with  "kanchi"  masonry)  but  lower  section  reinforced  with  con-  ; 

I Crete  in  1950*  severe  exposure  of  structural  materials  due  to  con-  j 

Crete  abrasion  and  rubbing  between  poorly  mixed  concrete  and  small  j 

( front  stones;  wave  reflector  cracks  per  10  m block  but  no  sign  of  i 

I slippage  due  to  sinking;  masonry  concrete  at  ground  site  peeled  off  | 

but  believed  no  erosion  of  fill  from  ground  site  nor  rock  losses.  ! 


Chart  5.7 


■ -5.7  0«BMt(Pltl9fl[ia 


Photo  5.25 
Abrasion  of 
Face  Spread 


ht  ,0  5.24  - 

er  !ral  View 


Standard  Cross-section  Sketch  of  "G"  Harbor  Sea  Wall 


R.0.80 


*■-5.25  *»PIOttT(»«K;lcA;t  J ) 


Photo  5.26  - Sinking  of 
Apron  (water  puddle  to 
the  rear) 


-»H-5.27 


Photo  5.27  - Crack  of  Wave 
Reflector 


8.  "H”  Harbor:  Sea  V/all 

Sea  wall  located  on  west  side  of  Noto  peninsula j believed  fac- 
ing fairly  heavy  action  of  waves  due  to  direct  exposure  to  Japan 
Seas  part  of  a roadway  and  farmland  and  dense  farm  homes  located 
to  the  reart  face  spread,  "kanchi"  masonry i low  wall  height;  wave 
deflector  originally  constructed  of  concrete  but  repaired  with 
mortar  for  damage  caused  by  exposure  and  inferior  structural  mat- 
erial but  still  peeling  offt  shifting  of  part  of  the  reinforced 
bedding  rocks  observed;  cave-ins  of  "kemchi"  stones  at  two  spots 
along  the  length  of  ground  site  due  to  use  of  "kanchi"  masonry,  in 
dicating  erosion  of  fills;  no  visible  surface  cave-in  of  apron 
observed;  serious  abrasion  and  structural  material  exposure  of 
poorly  mixed  concrete  wave  deflector;  very  uneven  crown  top  due  to 
excessive  use  of  roadway;  backside  of  wave  deflector  seriously 
eroded  by  overtopping  waves, 

I — Chart  5.8  - Standard  Cross-section  Sketch  of  "H”  Harbor  Sea 
Wall 


Site  pile 
concrete 
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/-VK-  5-30 


«0!»IMft]50}S»taU 


Photo  5.30  - Erosion  of 
"Kanchi"  Stones  of  Pace 
Spread 


Photo  5.29  - 
Abrasion  of 
Wave  Deflect 
or 


- 5.3 1 ttS 


Photo  5.31  ■“  Damage  of 
Wave  Deflector  Joint 


! 9.  "I"  Harbor  - Embankment 

Embankment  located  on  the  west  side  of  Ise  Want  about  200  m 
of  front  beach  planted  with  reed,  etc,,  indicating  very  little  wave 
disturbance)  road  used  by  bathers,  paddy  fields,  £uid  farmland  lo- 
cated to  the  rear)  embamkment  constructed  of  three-layer  concrete) 

I face  spread  provided  with  small  steps)  ground  site  planted  with 
i mixed  beach  grass)  structural  materials  exposed)  crack  observed  in 
middle  of  a 10-m  block)  a 2-3  cm  sinking  observed  in  20-m  section 

I of  weak  base  of  crown)  corner  and  angular  breaks  in  concrete  and 
large  crack  in  sectional  direction)  about  a 3*‘cm  breach  in  the 
berm  of  rear  spread  weak  base. 

P 
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Chart  5.9  - Standard  Cross-section  Sketch  of  "I"  Harbor  Embankment 


5.9 


Photo  5.33 
- Exposure 
of  Rear 
Spread 


■Photo  5.36  - Breach  of 
Shoulder  Spread  and 
Crown  at  Ground  Site 


‘-'Photo  5.35  " Crack 
of  Face  Spread 


■Photo  5.3^  - Angular 
Break,  Sinking  of 
Crown 


t 


10,  "J"  Harbor  I Embankment 

Embankment  located  on  the  west  side  of  Ise  Want  little  wave 
disturbance  observed  but  the  corner  emd  angular  embankment  location 
could  mean  fairly  concentrated  action  of  waves i factories  and  dense 
homes  located  to  the  rear;  vertical  front  face  of  embankment,  three- 
layer  concrete,  but  serious  abrasion  with  forward  tilting  in  several 
spots  I crack  observed  in  face  spread;  about  1-cm  sinking  as  well  as 
slippage  of  wave  deflector i observed  abrasion,  cracks,  and  sinking 
in  crown  used  as  roadway. 

Chart  5»10  “ Standard  Cross-section  Sketch  of  "J”  Embankment 


090.  400 


^ HOHeXfcR  j»«-5.S8 

^Photo  5.37  - Condition  -Photo  5.38  - Crack 
of  Pace  Spread  of  Face  spread 


r*K-5-39  $k0iX0^9y^ 

\ % 

^Photo  5.39  - Crack  of 
Face  Spread 
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^ ?*-5.40  ^Oi)  ^ y^V  - hoffti 

Photo  5.^0  - Abrasion 
of  Face  Spread  Concrete 


1PW-5.41  XHX=’ y^ 

Photo  5.^1  ~ Abrasion  of  Crown 
Crown 


11.  "K"  Harbor:  Embankment 

Embankment  located  on  the  west  side  of  Ise  Warn  very  little 
wave  disturbamcej  racing  boat  docks  located  to  the  reari  embankment 
constructed  of  3'layer  concrete » relatively  high  embankment  with 
rear  spread  standing  about  $ m highi  crack  observed  in  face  spread 
as  well  as  re£tr  spread*  pitch  of  face  and  rear  spreads,  both  about 
3-5  ro»  both  spreads,  exposure  in  several  places*  sinking  of  crown, 
about  1 cm,  and  ground  site,  about  3 cm, 

I — Chart  5.11  - Standard  Cross-section  Sketch  of  "K”  Harbor  Em- 
bankment 


\ - Photo  5.43 

/ Rear  Spread 


Photo  5.45  - 
Crovm  Crack 
That  Deve- 
loped Behind 
Wave  Deflect 
or 


4uoto  5.^6  - Crack  of 
Rear  Spread 


y^n-5.47 

■photo  5.^7  - Scattering’ 
Reinforced  Bedding  Rocks 
on  the  Front  Shore 


12.  "L"  Harbor  I Eabanknent 

Eabankaent  located  on  the  southwest  side  of  Ise  Wan  inside  an 
Inlet  free  of  wave  disturbance  1 water  depth  to  the  front,  about 
t 0 mi  fish  hatchery  located  to  the  reari  embankment  whole  front 
side,  concrete  coveringi  crown  and  rear  spread,  asphalt  covering  1 
cave-in  of  bedding  anchor  front  parti  ground  site  cave-in,  about  8 
cm  I water  level  crack  observed  about  2 m below  the  upper  part  of 
embankment  I wave  deflector  sinking,  about  5 nmi  several  breaches 
in  wave  deflector  due  to  poorly  mixed  concrete  1 no  conspicuous 
changes  observed  for  orown  or  rear  spread. 


Chart  5.12  - Stemdard  Cross-section  Sketch  of  "L"  Harbor  Embankment 
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Photo  5.50  ■ 
Crack  of 
Face  Spread 


TK-5-49  711  - 5-50 
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^*h6to  5.^9  - Ground 
Site  Break  of  Face 
Sppead 


^>hoto  5.51  - Sink 
Ing  Slippage  of 
Face  Spread 


Photo  5,52  - Corner  An 
gular  Crack  of  Face 
Spread 


13.  "M"  Harbor:  Embankment 

Embankment  located  on  the  southern  part  of  Shima  peninsula  in- 
side the  inner  part  of  a bay  that  is  opened  to  the  south;  because 
of  location,  only  little  disturbance  from  waves;  fissure  in  face 
spread;  road  used  by  bathers  and  pine  forest  located  to  the  rear; 
embankment,  a low  profile  three-layer  embankment  with  sunken  weak 
base  but  showing  no  conspicuous  uneven  sinking;  crown  crack  along 
5 m pitch;  indications  showing  ground  site  breach  in  several  places; 
crack  in  wave  deflector  along  5 m pitch  due  to  its  alternate  location 
with  face  spread;  sinking  of  crown  with  water  puddles  in  several 
places;  very  heavy  sinking  on  the  side  of  the  sea  with  crack  along 
2-3  m pitch;  vulnerable  spots  believed  to  be  from  the  time  of  con- 
struction noted  in  rear  spread. 

•—Chart  5.13  - Standard  Cross-section  Sketch  of  "M"  Harbor  Em- 
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Lphoto  5.53  * General  View  ^Photo  5.5^  “ Damaged  Crown 

Concrete 
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5- Photo  5*55  ” Sinking  and 
Water  Puddles  of  Crown 

14,  "N"  Harbor  I Embankment 


^:p«-5.56  9i<Oi>XOf99f  ; 

^Photo  5.56  - Crack  of  Rear 
Spread 


Embankment  located  northeast  of  Minato  facing  the  inner  harbor j 
believe  no  exposure  to  wave  action*  inoperative  salt  field  located 
to  the  rear*  small  steps  for  reinforced  bedding  section  of  face 
spread*  rear  spread  planted  with  mixed  grass*  crack  in  sunken  weak 
base*  sinking  fairly  deep  for  border  and  angulau:  portions  of  face 
spread*  in  40  m section  of  reinforced  bedding,  poor  mixing/compo- 
stion  observed  in  a number  of  places*  large  vertical  and  horizon- 
tal cracks  in  small  steps  of  reinforced  bedding*  observed  slippage 
of  2 cm  front  and  back,  and  vertically  for  wave  deflector*  normal 
right  angle  direction  crack  in  center  of  a 10  m long  block  as  well 
normal  direction  water  level  crack  in  border  and  angular  area*  crown 
sinking,  about  4 cm*  normal  direction  crack  in  crown*  cavity  more 
visible  than  hole  in  crown*  rear  spread  stable  with  rich  growth  of 
mixed  grass. 


Chart  5.14  - Stauidard  Cross-section  Sketch  of  "N"  Harbor  Em- 
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t-Photo  5.58  - Small  Step  Crack 
of  Face  Spread 
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Photo  5t57  “ General  View 
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Photo  5.59  - Crown  Crack  ^hoto  5.60  - Normal  -Photo  5.61  - Crack 

Right  Angle  Direct-  from  Uneven  Settl- 
ion  Slippage  of  ing  of  Wave  Deflect 

Wave  Deflector  or 


15.  "0"  Hairbori  Embankment 

An  embankment  in  a district  ^ot  define^  with  its  west  side 
adjacent  to  a riven  believed  action  of  waves  against  it  fairly 
strong!  reclaimed  embankment  with  farm  homes,  paddy  fields,  and 
farmland  to  the  reari  steep  incline  face  spread  with  angular  break 
in  lower  parti  structural  materials  exposed  in  many  places  1 many 
normal  direction  cracks  in  reinforced  bedding  small  step  section  of 
comer  angle  section  1 several  large  right  angle  direction  cracks 
in  upper  part  of  face  spread  1 wave  deflector  with  a front  and  rear 
aberration  of  cm  and  m oblique  crack t crown  laid  with  blocks 
but  cracks  in  blocks  and  crown  sinkage  due  to  heavy  traffic  1 ob- 
served a number  of  places  in  corner  angle  section  that  had  been 
restored  from  disaster  damages. 


Chart  5.15  • Standard  Cross-section  Sketch  of  "0"  Harbor  Embankment 
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Photo  5.62  - General  View  Lphoto  5.63 

or  Crack 
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Photo  5.64  - Small  Step  Sdct- 
Ion  Damage  of  Face  Spread 
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^Photo  5.65  - Internal  Rip-rap  Expo 
sure  of  Small  Step  Section  of  Face 
Spread 


16.  "P"  Harbor t Embankment 

Embankment  located  adjacent  to  "O"  harbor  coastal  embankment i 
structurally  about  the  samei  poorly  mixed  concrete  of  face  spread 
very  conspicuous!  a hole  measuring  0.5  m deep,  0.5  m wide,  and  2.5 
m long  observed  in  small  step  section  of  reinforced  bedding;  a 0.3 
m deep  hole  also  visible  in  upper  part  of  normal  surface;  large 
crack  in  parallel  normal  line  of  small  step  section  of  reinforced 
bedding;  many  cracks  in  small  steps  of  indented  section;  2 cm  aber- 
ration, both  front  and  back  of  wave  deflector;  vertical  aberration 
of  about  2 cm  for  corner  angle  section;  crack  in  normal  right  angle 
direction;  sinking  and  break  in  blocks  laid  on  crown  due  to  heavy 
traffic;  portion  of  rear  spread  block  layers  exposed  and  indented 
in  several  places. 

Chart  5.16  - Standaird  Cross-section  Sketch  of  "P"  Hairbor 
Embankment 
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Thoto  5.68  - Soil  Ero 
Sion  Crown  Blocks 


Photo  5.69  - Damage  of  Small 
Step  Section  of  Face  Spread 


Photo  5,66  - Condition 
of  Reair  Spread  (soil 
erosion  of  crown  amd 
rear  spread) 


Photo  5.67  - Block  Cave-in  Due 
to  Erosion  ^oil?7  of  Rear  Spread 


17.  "Q"  Harbor  I Embankment 

Embankment  located  south  of  Suo  Nadaj  believed  wave  disturbance 
to  be  very  little j reclaimed  embankment  with  paddy  fields  in  the 
rear  I exposed  face  spread  structures  but  no  change  in  normal  line; 
wave  reflector  concrete  shows  wear  but  no  changes  normal  line  right 
angle  crack  in  corner  angle  sections  block  crack  and  20  cm  sinking 
of  crown  blocks  due  to  dump  car  traffic  on  crowns  rich  growing  mixed 
grass  on  rear  spread. 


Chart  5.17  - Standard  Cross-section  Sketch  of  "Q*  Harbor  Embankment 
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r »K-5.n  semojtT,  yo  y^ofiin 
Thoto  5.71  - Sinking,  Block 
Crack  of  Crowh 


Thoto  5.70  - General 
View 


Photo  5.73  - Wave  Deflector 
Ground  Site  Break 


Photo  5.72  - Abrasion,  Sink- 
ing of  Wave  Deflector  concrete 


18,  "R"  Harbor j Sea  Wall 

Sea  wall  located  north  of  Shima  peninsula j mouth  of  the  harbor 
opens  into  Ise  Wan  but  sea  wall  located  deep  inside  the  harbor  and 
thus,  the  occurrence  of  strong  wave  action  appears  fairly  remote* 
busy^  trunk  railroad  line  causing  heavy  traffic  located  to  the  im- 
mediate rear*  vertical  concrete  parapet  constructed  along  railroad 
line  but  its  base  adjacent  to  river  mouth  and  thus  relatively  weak, 
causing  uneven  sinking  of  serious  nature*  a small  pool  located  be- 
tween sea  wall  and  rear  railroad  line*  large  crack  in  concrete  para- 
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Photo  5.75  - Angular  --Photo  5.76  - Concrete 
Break  of  Pairapet  (ex-  ' Crack  of  Corner  Angle 
posure  of  ferro-con-  / Section 


Photo  5.74  - General 
View  (for  showing  the 
sinking  condition) 
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Photo  5.78  - Erosion  of  Para 
pet  Upper  Portion  Concrete 


Photo  5.77  - Sinking  Con 
dition  of  the  Front 
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19.  "S"  Harbor  I Sea  Wall 

Sea  wall  located  on  the  bank  of  Toyama  Wan  /Bay/  Noto  penin- 
sula and  inside  an  inlet  with  the  mouth  facing  to  the  south i not 
sufficient  anti-wave  orovision  provided  and  thus  exposed  to  rela- 
tively constant  wave  action  but  from  the  appearance  of  the  rear 
condition,  the  strength  intensity  of  the  wave  action  appears  fairly 
mildi  fisheries  experiment  station  and  farm  homes  located  to  the 
rearj  sea  wall,  a vertical  concrete  structure j concrete  wall  installed 
on  rock  foundation,  but  now  showing  rupture  at  connecting  points; 
innumerable  cracks  in  wave  deflector;  constructed  in  1937-1938  and 
shows  poor  mixture  of  concrete;  portion  of  crown  shows  sinking  of 
about  Z cm  as  well  as  cracks  in  severed  places. 


Ihoto  5.80  - 
tamage  to  Wave 
Leflector 


Photo  5.79  - 

General  View 
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-Photo  5.81  - Damage,  Cracks 
of  Wave  Deflector  Ground 
Site 


■Photo  5.82  - Breaks  and' 
Erosion  of  Connecting  Part 
with  Rock  Foundation 


20,  "T"  Harbor j Sea  Wall 

Sea  wall  located  near  the  eastern  part  of  Toyama  Wan  (bay)i 
believe  relatively  heavy  wave  action  being  encountered*  front  beach: 
relatively  steep  inclined  rocky  shore*  farmland  and  farm  hones  lo- 
cated to  the  rear*  known  as  Saito-type  sea  wall  of  non-base  con- 
crete constructed  in  1958*  normal  line  aberration  of  about  2.5  cm 
and  a large  breach  of  about  6.5  cm  between  ground  site  and  adjoin- 
ing armor*  serious  abrasion  of  concrete  that  shows  vertical  and 
horizontal  cracks*  about  20  cm  on  both  sides,  only  remaining  struct- 
ures are  embankments. 


Chart  5.20  - standard  Cross-section  Sketch  of  "T"  Harbor  Sea  Wall 
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> 5.84  - Crack  of  Wave 
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-Photo  5.86  - Abrasion  of  Wave 
Deflector 


■Photo  5.85  - Breach  of 
Ground  Site 


21.  -U"  Harbor j Sea  Wall 

Sea  wall  facing  Uchinoumij  believe  not  encountering  any  strong 
wave  action j dense  farm  homes  located  to  the  reari  portion  of  re- 
inforced bedding  rocks  scattering  to  endanger  foundation  by  erosion; 
severe  abrasion  of  lower  part  of  concrete  wall  as  well  as  extensive 
damages ; normal  line  water  level  direction  crack  and  right  angle 
crack  showing  in  concrete  wall;  crack  along  7 cm  pitch  of  wave  de- 
flector; 12  cm  cave-in  of  apron  to  indicate  possible  erosion  of 
fills;  horizontal  crack  in  parapet. 

^Chart  5.21  - Stemdard  Cross-section  Sketch  of  "U"  Harbor  Sea 
Wall 
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•Photo  5.^8  - Crack  of  Face 
Spread 


General 
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''—Photo  5.90  - Sinking,  Damage 
of  Apron 
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^ Photo  5.89  - Crack,  Damage  of 
Wave  Deflector 


22.  "V"  Harbor j Sea  Wall 

Harbor  located  in  Uchinoumij  believe  no  action  of  wave  against 
sea  wall I paddy  fields  located  to  the  rear*  about  2 cm  wide  hori- 
zontal crack  in  mid-section  of  face  spread j throughout  the  length 
of  wave  deflector,  crack  observed  etround  the  mid-section  (about  7- 
8 m)  of  almost  every  15-m  block j no  covering  on  aprons  but  no  danger 
of  erosion  from  overtopping  waves  and  thus,  could  be  left  without 
any  change. 

5.22  - Standard  Cross-section  Sketch  of  "V"  Harbor  Sea  Wall 
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Photo  5*92  - Condition  of 
Face  Spread  (step  section) 
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Photo  5.91  - General 
View 


Crack  V.photo  5.95  ~ Crack  of 
.d  Wave  Deflector 


-Photo  5.93  " Vertical 
Direction  Crack  of 
Wave  Deflector 


23.  "W"  Harbor t Sea  Wall 

Harbor  facing  Uchinoumij  sea  wall  constructed  as  an  aqueduct 
sea  wall  between  two  reclaimed  lands  and  thus,  completely  free  of 
wave  action j thermal  power  plant,  factories,  etc.,  located  to  the 
rear  I constructed  around  1929  and  no  abrasion  observed  on  parapet 
due  possibly  to  use  of  abundant  concrete j normal  line  indentations 
visible  in  face  spread  as  well  as  aberration  to  the  front  and  back 
at  the  ground  site,  but  these  believed  to  be  from  the  time  of  con- 
struction* a number  of  cracks  and  angular  damage  as  well  as  expo- 
sure of  tidal  ^iver?7  section*  observed  meandering  normal  line 
(presumably  from  the  time  of  construction)  aind  soil  erosion  of 
wave  deflector*  about  4 cm  aberration  of  both  front  and  back  of 
ground  site*  observed  inclined  crack  of  ground  site*  mixed  grass 

f rowing  on  apron*  about  50  cm  deep,  1 m wide,  and  2 m long  cave-in 
n back  part  of  parapet  indicating  erosion  of  fills. 

Chart  5,23  - Standard  Cross-section  Sketch  of  "W"  Harbor  Sea  Wall 
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Photo  5.96  - General 
View  (showing  normal 
line  indentation) 


•^Photo  5.97  - Removal  (Photo  5.98  - Condi- 
I of  V/ave  Deflector  for  ( tion  of  Parapet  Con 
I Repair  Work  y Crete  Pile  Joint 
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Photo  5.99  ® Cracks 
of  Face  Spread 


Photo  5.100  - Concrete  Cross 
Section  (Eroded  concrete) 


"X”  Harbor:  Sea  Wall 


Sea  wall  located  in  a harbor  facing  a bay  that  opens  to  the 
east  ^xact  location  not  given7s  since  the  location  is  a place  where 
the  waves  converge,  this  sea  wall  is  believed  to  be  feeling  the  brunt 
of  various  wave  actions;  dense  homes  located  to  the  rear;  front  side 
constructed  of  hollow  triangular  blocks  and  no  change  observed  in 
face  spread;  exposure  of  ferro-concrete  of  wave  deflector  as  well  as 
rusting  in  several  places  noticed;  crack  observed  in  a 10  m block 
middle  section;  overall  speaking,  no  sinking  of  any  great  degree 
observed;  dissipation  work  conducted  in  the  front  side  reduced  over- 
topping waves  to  make  the  rear  side  fairly  secure. 


Chart  5.2^  - Standard  Cross-section  Sketch  of  "X"  Harbor  Sea 
Wall 
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Photo  5.102  - sinking.  Cracking 
of  Apron 
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■Photo  5.101  - General 
View 


5.103  - Wave  Dissi-  — 
pation  Work  Scene  for  the 
Front  Side 
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^Photo  5.104  - Concrete  Wasting 
on  the  Back  Side  of  V/ave  De- 
flector 


25.  "Y"  Haurborj  Sea  Wall 

A reclaimed  site  sea  wall  ^xact  location  not  given/  presumably 
exposed  to  strong  action  of  waves?  back  area  of  sea  wall  used  as  a 
yaurd  for  storage,  such  as  lumber,  etc.,  for  harbor  and  bay?  front 
side  constructed  of  tetra  pod  covering;  a parapet  sea  wall  of  re- 
latively high  structure;  no  change  observable  in  face  spread;  verti- 
cal soil  erosion  of  about  8 mm  in  wave  deflector;  rusting  and  efflo- 
rescence of  ferro-concrete ; mid-section  crack  in  20  m long  block; 
normal  line  direction  water  level  crack  in  ground  site;  apparent 
apron  breach  with  wave  deflector  and  rear  step  type  sand  guard  at 
ground  site;  normal  line  right  angle  direction  crack  in  step  section 
in  one  place. 


I — Chart  5.25  - Standard  Cross-section  Sketch  of  "Y"  Harbor  Reclaimed 
Site  Sea  Wall 
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Photo  5.105  - General 

View 


6.  Tetra  pod 

7.  Rip-rap 

8.  Packed  rock 
diameter:  30  cm  or  less 

9.  Single  faggot  bed 


Lphoto  5.106  - Rear  View  of 
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26.  "Z"  Harbor:  Sea  Wall 

y Sea  wall  facing  bay  that  opens  to  the  east  /exact  location  not 

given/s  presumably  exposed  to  strong  wave  action;  old  coastline  ex- 
tended to  the  very  front  of  homes,  but  a road  was  constructed  in 
front  of  these  homes;  this  sea  wall  now  serving  as  the  wall  for 
this  road,  but  the  waves  are  still  reaching  this  road  because  no 
parapet  has  been  constructed;  at  the  present  time,  new  sea  wall 
is  being  constructed  at  this  site;  severe  abrasion  of  lower  part 
of  concrete;  exposure  of  structural  parts  as  well  as  number  of  holes; 
part  of  the  sea  wall  damaged  by  calamities  already  restored;  two 
to  three  cracks  in  8-m  long  block;  holes  and  water  puddles  on  road 
surface  that  shows  3-k  cm  sinking;  inniimerable  cracks  visible. 


Chart  5.26  - Standard  Cross-section  Sketch  of  ^Z"  Harbor  Sea  Wall 
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Photo  5.110  - 
Carnage  of 
Face  Concrete 
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-Photo  5.111  Sinking  of  Apron  -Photo  5.112  - Abrasion  of  Concrete 
(road  surface),  Water  Puddles 
from  Damages 


22.  "Z-1"  Harbor t Sea  Wall 

Sea  wall  located  in  the  innermost  part  of  a harbor  surrounded 
by  small  islands  /exact  location  not  given/ » presumably  not  exposed 
to  wave  action  of  outside  waters;  serving  as  a road  sea  wall;  not 
provided  with  a parapet  because  of  neglible  wave  action;  deep  water 
in  front  of  foundation  but  no  fear  of  erosion  from  wave  action; 
crack  observed  in  20-m  long  face  spread  block;  normal  direction 
crack  in  road  surface  asphalt  about  3 m back  of  the  5 ro  sunken  nor- 
mal line;  sinking  of  downward  slope  section,  presumably  caused  by 
/soil?/  erosion  of  foundation  rather  thsm  by  forward  tilting  or 
sliding  since  no  conspicuous  normal  line  change, 

I — Chart  5.27  - Standard  Cross-section  Sketch  of  "Z-1"  Harbor 
- Sea-Wall ' 
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Photo  5.115  ” Crack  of 
Apron  (road  surface) (nor- 
mal line) 
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Lphoto  5.116  - Crack  of  Apron 
(road  surface) 


28.  "Z-2"  Hsurbort  Sea  Wall 

A vanguard  sea  wall  constructed  on  a reclaimed  land  ^xact 
position  not  given7»  presumably  exposed  to  action  of  waves  because 
of  its  location;  area  in  the  rear:  factory  site;  scattering  of  re- 
inforced bedding  rocks  and  serious  abrasion  of  lower  part  concrete 
of  face  surface;  holes  and  ruptures  in  face  surface;  big  crack  in 
fotindation  concrete;  5”8  nun  aberration  to  both  front  and  back  of 
wave  deflector;  crack  in  12-m  long  block  near  3”5  ni  pitch;  sinking 
of  apron  to  develop  water  puddles  and  20  cm  cave -in  secsbion  causing 
erosion  of  fills;  breach*  angular  break,  and  innumerable  cracks 
in  ground  site. 

Chart  5.28  - Standard  Cross-section  Sketch  of  "Z-2"  Harbor 
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Photo  5,120  - Cracking  ‘-Photo  5.118  - Des- 
of  Pace  Concrete  truction  of  Front 

Reinforced  Bedding 
Concrete 


■Photo  5.121  - Apron  Cave 
in  From  Erosion  of  Fills 


fiey  for  Tables  5.2  (l)(2)(3)t 


1.  Embankment  (masonry) 

2,  Sea  Wall  (masonry) 

. Type  of  Structure 
. Visible  External  Condition 

5.  Narne/symbol  of  Harbor 

6.  Foundation 

7.  Joint/Connection  condition 
with  rock  foundation 

8.  Condition  of  reinforced 
bedding  covered  rocks 

9.  Condition  of  wave  dissi- 
pation block 

10.  Erosion 

11.  No  change 

12.  None 

13.  Shifting  of  pebble  rocks 

l^^,  Partial  shifting 

15.  Face  Spread  Armor 

lo.  Exposure  of  normal  line 
right  angle  direction 

17.  Cracking  of  normal  line 
right  angle  direction 

18.  Cave-in  of  normal  line 
right  angle  direction 

19.  "Kanchi"  masonry 

20.  Partial  bulging 

21.  Occurence  observed 

22.  Angular  break  of  material 

23.  Abrasion 

24.  Damage 

25.  Surface  rusting 

26.  Abrasion  great  for  tidal 
section 

27»  Some  observed 

28,  Abrasion  great,  exposure 
of  structural  materials 

29,  Vertical  breach  of  ground 
site 

30,  Angular  break 

31,  Vertical  aberration 

32,  Aberration  inside  surface 

33 • Exfoliation  of  manually 

packed  concrete 

3^,  Exfoliation  of  manually 
packed  concrete  and  sub- 
sequent drainage  into  the 
sea  from  ground  site 


35.  Exfoliation  of  manually  packed 
concrete  (lower  paurt) 

36.  For  two  places/positions 

37.  "Kanchi”  rocks,  one  or  two 
places 

38.  Some  drainage  observed 

39.  Probable  existence  of  air/weep 
holes 

40.  Horizontal  break  of  ground  site 

41.  Extended  horizontal  opening 
in  lower  section  (sinking) 

42.  Damage  to  pile  joint  of  con- 
crete and  "Kanchi"  block 

43.  Break  between  foundation  and 
^ pile  joint 

44.  Break  between  parapet  and  pile 
joint 

45.  About  2 cm  water  level  break  due 
to  sinking  of  masonry  section 

46.  Existence  of  opening 

47.  Normal  line  direction  crack 

48.  Normal  line  right  angle  di- 
rection crack 

49.  Crack  at  ground  site 

50.  Exists  for  one  section 

51.  Water  level  crack 

52.  Wave  reflector 

53.  Normal  line  indentation 

54.  Soil  erosion 

55.  Bending  (from  the  time  of 
construction) 

56.  Angular  break  of  material 

57.  Abrasion  of  material 

58.  Damage  of  material 

59.  Perimeter  crack 

60.  Poor  mixing 

61.  Forwaurd  tilting 

62.  Break/crack 

63.  Abrasion  observed 

64.  Depth I 11  cm 

65.  Abrasion  great 

66.  Exposure  of  structural 
materials 

67.  Surface  rusting  of  materials 

68.  Efflorescence 

69.  Existence  of  efflorescence 
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(Continued  Key  for  Tables  - 5*2  (1)(2)(3)) 


70.  Break  at  Ground  Site 

71.  Vertical  aberration  of 
ground  site 

72.  Front  and  back  aber- 
ration of  ground  site 

73.  Normal  line  right  angle 
direction  crack 

7^.  Normal  line  right  angle 
direction  water  level 
crack 

75.  Hair  crack  every  3*5  m 

76.  10  m pitch 

77.  Crack  at  one  place 

78.  5 m pitch 

79.  Observed  in  pile  joint 

80.  Crown 

81.  Employed  as  roadj  7 cm 
sinking  of  asphalt  cover- 
ing 

82.  Drainage  of  rocks  ob- 
served 

83.  Mixed  grass 

84.  4 cm  sinking 

85.  Road  ^ondition?7  un- 
known 

86.  Road  asphalt  covering 

87.  Observed  cave-in(s)  and 
unevenness 

88.  Crack,  perimeter  break 

89 . Unknown 

90.  Observed  in  corner  angle 
section 

91.  Abrasion  great 1 cave-in(s) 
observed 

92.  Break  at  work  site 

93.  Angular  break  at  work  site 

94.  Vertical  break  at  work 
site 

95.  Aberration  inside  surface 
at  work  site 

96.  Unknown  if  earth  and  sand 
were  eroded 

97.  Breach  between  wave  de- 
flector and  ground  site 


98.  Angular  break  of  wave  de- 
flector 

99.  Vertical  aberration  of 
wave  deflector 

100.  Breach  with  rear  spread  at 
the  ground  site 

101.  Erosion  behind  parapet 

102.  Angular  break  of  rear  spread 

103.  Vertical  aberration  of 
rear  spread 

104.  Normal  line  direction  crack 

105.  Normal  line  right  angle 
direction  crack 

106.  Per  3“5  span  10  m too 
long 

107.  Large  crack  observed  in  3 
places  on  total  length  of 
230  m 

108.  Unknown  because  covered  by 
earth  and  sand 

109.  Normal  line  right  angle 
direction  exposure 

110.  Crack  exposure 

111.  Cav«  -in 

112.  Rear  spread  armor 

113.  Abundant  growth  of  mixed 
grass 

114.  Soil  erosion  of  shoulder 

115.  Breach  with  pile  joint  of 
bedding  anchor 

116.  Embankment  (concrete) 

ll6a.  Name  (Symbol)  of  Harbor  and 
District 

117.  Partial  forward  tilting 

118.  Front  aberration  of  bedding 
anchor 

118a.  Sinking  observed 

119.  Corner  angle  section  sink- 
ing 1 forward  tilting,  2-3  cm 

120.  Great 

121.  Observed  in  edge/border 
section 

122.  Poorly  mixed  structural 
maerial  exposure  of  40-m  - 
long  reinforced  bedding 
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(continued  Key  for  Tables  5.2  (1)(2)(3)) 


123 j Exposure  of  structural  mat- 
terials  of  lower  part 

124.  Depth  30  cm  (80  cm  x 40  cm) 

125.  Depth  of  reinforced  bedding 
concretes  50  cm  (2,5  x 0.5cm) 

126.  Part  of  poorly  mixed  struct- 
ural materials  exposed 

127.  Observed  a very  small  break 

128.  Observed  a spot  that  appears 
to  be  a break 

129.  Break 

130.  Observed  at  the  mid-section 
(about  5 m)  of  the  10-m 
span  (total  of  3 spans) 

131.  Large  crack  observed 

132.  Observed  in  3*5  m pitch 

133.  Observed  at  a spot  20  m 
of  2 spans  and  2 m below 
the  upper  section 

134.  Observed  in  5 m pitch 

135.  Observed  in  the  reinforced 
bedding  section 

136.  Caused  level  difference  in 
corner  angle  section 

137.  Many  in  corner  angle  section 
reinforced  bedding 

138.  Large  crack  in  corner  angle 
section 

139.  Crack  in  reinforced  bed- 
ding concrete 

140.  Crack 

141.  Observed  in  a section  of 

corner  angle 

142.  Prom  the  time  of  construct- 
ion 

143.  Uneven  sinking 

144.  0,5  cm  sinking 

145.  1 cm  sinking  and  aberration 

146.  One  section  tattered  due  to 
poor  mixing 

147.  Observed  a I.5  cm  fissure 
that  appeared  to  be  a break 

148.  Observed  one  spot  that 
appeared  to  be  a break 

149.  observed  in  corner  angle 
section)  aberration  about 
2 cm 


150.  Observed  in  the  5 m pitch 

151.  Located  near  mid-section 
(4-5  m)  of  block 

152.  Incline  crack 

153.  Observed  in  corner  ajigle 
section 

154.  Observed  a single  crack  in 
corner  angle  section 

155.  2-3  cm  sinking  (in  20  m 
area) 

156.  1-2  cm  sinking 

157.  0.5-1  cm  sinking 

158.  Sinking  on  sea  side  great 

159.  Observed  sinking  of  block 
covering  (due  to  vehicle 
traffic ) 

160.  Observed  sinking  of  block 
covering  (due  to  vehicle 
traffic) 

161.  Sinking  due  to  dump  ^ruck?7 
traffic  (20  cm) 

162.  Abrasion  great 

163.  Some  degree  of  abrasion 

164.  Crack  due  to  vehicle  traf- 
fic 

165.  Very  severe  block  crack 

166.  Observed  large  crack 

167.  Found  in  almost  all  spans 

168.  Observed  one  in  a 10  m span 

169.  Observed  in  2-3  m pitch 

170.  Rather  than  a crown  hole, 
appears  to  be  air/weep  hole 

170a.  ground  site 

170b.  wave  deflector 

171.  Observed  =20  cm  in  the 
sluice  section 

172.  Exposure  from  the  time  of 
construction 

173.  Pzurt  of  block  covering  ex- 
posed (from  the  time  of 
construction) 

173a.  Cave-in  (from  the  time  of 
construction) 

174.  Wasting 

175.  Small  installed  sheet 

176.  -Observed  in  a 10-ro  span 

(very  long  span) 
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(continued  Key  to  Tables  5.2  (1)(2)(3)) 


177.  Observed  in  3“5  ni  pitch 

178.  Observed  10  m pitch  be- 
low crown 

179.  Sea  Wall  (Concrete) 

180.  Breach  from  erosion 

181.  Partial  scattering 

182.  Insufficient  depth  of 
anchor 

183.  Construction  of  "kuchu 
sankaku"  ^iterally,  "air/ 
aerial  triangle/three  cor- 
ner^ structure  underway 

184.  Deep  sea  located  in  the 

front,  but  no  fear  of  bed- 
ding erosion  

185.  Scattering/dispersion 

186.  0.5  ^m?7  sinking 

187.  Meandering  (from  the  time 
of  construction) 

188.  Estimating  from  the  rear 
sinking,  part  of  the  ex- 
posure presumably  existed 
from  the  time  of  construct- 
ion 

189.  Some  degree  of  abrasion 

190.  Lower  part  abrasion  great 

191.  Pound  in  lower  part. 

192.  Exposure  of  structural 
materials 

193.  Severe  lower  part  abrasion 
and  development  of  expo- 
sure hole  of  structural 
materials}  new  construct- 
ion work  underway  to  res- 
tore part  of  damaged  sect- 
ions. 

194.  Reinforced  bedding  section 
abrasion  great 

195.  In  disorder  since  the  time 
of  construction 

196.  Aberration  in  front  and 
rear  (from  the  time  of  con- 
struction) 

197.  Large  water  level  crack 

198.  Large  crack 


199.  Large  2 cm  crack  in  middle 
step  section 

200.  Observed  in  2-3  places  in 
8 m block 

201.  Observed  one  place  in  20  m 
block 

202.  Flat  surface  break:  5 cm 

203.  Front  surface 

204.  3 cm  forward  tilting 

205.  Observed  uneven  sinking 

206.  Bending  (from  the  time  of 
construction) 

207.  2.5  cm  aberration 

208.  Meandering  (from  the  time  of 
construction) 

209.  Sinking 

210.  Tidal  section  abrasion,  gre^  . 

211.  Abrasion  great. 

212.  Exposure  and  ferro-concrete 
rusting 

213.  Ferro-concrete  rusting  and 
efflorescence 

214.  Big  crack  near  conveyor  and 
foundation 

215.  A number  of  vertical  and 
horizontal  cracks 

217,  Located  near  the  mid-section 
(7-8  m)  of  a 15  ni  block 

218,  Back  surface 

219,  Crack  located  mid-section  of 

■-  ' a 10-m  block 

220,  Crack  located  mid-section  of 
a 20-m  block 

221,  Crack  located  in  3“5  cm  pitch 
of  a 12-m  block 

222,  Road  (asphalt  sinking) 

223,  1-2  cm  sinking 

224,  12  cm  cave-in 

225,  No  covering 

^226.  No  covering!  mixed  grass 
“228.  Road 

229,  Concrete  covering:  holes, 
water  puddles,  2Uid  3”4  cm 
sinking 

*-227,  Observed  cave-in(s) 
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(Continued  Key  to  Tables  5,2  (1)(2)(3)) 


230.  Asphalt  road 

231,  Normal  line  direction  crack 
located  3 ni  back  of  normal 
linej  sinking  of  descending 
slope  on  sea  side 

232,  Sinking  and  water  puddles; 
one  section  with  20  cm  cave- 
in;  erosion 

233.  Observed  what  appeared  to  be 
a break, 

23^.  Observed  one  in  a block 
•235;  Observed  two  craclcs  in'a 
block 

236,  Observed  many  cracks 

237.  A number  found  in  a section 
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VI.  Air/Weep  Holes,  Air  Gaps,  and  Wasting  Signs  of  Coastal  Em- 
bankments 

Changes  such  as  cracks,  ground  aberrations,  wasting  of  materials 
and  structures,  etc.,  that  can  be  seen  on  embankments  and  sea  walls 
are  definite  indicators  of  their  wastings.  Conversely,  if  these 
wastings  are  to  be  utilized  as  the  indicators  of  their  ultimate 
destruction  (i.e.,  hov/  strongly  possible  the  destruction),  how 
effectively  and  efficiently  these  changes  are  evaluated  becomes  a 
matter  of  great  importance.  Needless  to  say,  the  reliance  on  per- 
sonnel experience  and  intuition  to  perform  this  task  would  be  far 
from  sufficient*  it  must  be  based  on  careful  and  thorough  study  and 
analysis  of  past  disasters  and  practical  testings  of  model  cases. 

To  better  elaborate  the  points  made  above,  let  us  take  up  a hypo- 
thetical case  where  a weep  hole  develops  inside  an  embankment.  Weep/ 
air  holes  (also  air  gaps)  are  major  causes  of  embankment  breakdowns 
as  discussed  in  the  previous  sections.  A question  sure  to  surface 
after  the  detection  of  this  development  would  be:  "Which  one  of 
the  visible  changes  that  had  occurred  should  be  employed  as  the 
basis  to  diagnose  this  development?"  The  answer  to  this  question 
is  not  readily  available  at  the  present  time. 

In  the  study  to  gain  better  understanding  of  the  above  problem, 
i.e.,  the  relationship  between  the  visible  changes  that  occur  and 
the  air/weep  holes  (also  air  gaps)  that  develop  within  embankments, 
we  were  fortunate  enough  to  obtain  access  to  the  Air/Weep  Holes 
Survey  Results  of  the  Aichi  Prefectural  Government.  This  report 
was  an  attachment  to  the  Survey  Report  that  was  prepared  in  con- 
junction with  the  coastal  embankment  investigation  that  was  con- 
ducted over  a two-year  period  (1969  and  1970)  to  commemorate  the 
10th  anniversaury  of  the  Ise  Wan  typhoon  disaster.  The  discussions 
to  follow  are  based  on  the  aforementioned  attachment. 

A.  Coastal  Embankments  of  Aichi  Prefecture  and  Summary  of 

Coastal  Embankment  Survey 

a.  General  Condition  of  Aichi  Prefecture  Coastal  Embank- 
ments 

At  the  time  Typhoon  No  13  (1953)  and  Ise  Wan  typhoon  (1959) 
struck  Aichi  prefecture,  most  of  the  prefectural  embankments 
were  solidly  built  structures.  For  examples,  almost  all  crowns 
stood  more  them  T.P.5  m,  most  structures  were  wide  dimension 
structures,  and  almost  all  were  provided  with  three-side  rein- 
forced coverings.  Chart  6.1  shows  the  type  of  coastal  embank- 
ments that  existed  in  this  prefecture  before  Typhoon  13. 


92 


^ — Chart  6.1  - Cross-section  Sketch  of  Coastal  Embankment  Be 
fore  Typhoon  No  13 


Typhoon  No  13  that  hit  the  coast  of  Aichi  Prefecture  not  only 
destroyed  but  inflicted  severe  damages  to  the  coastal  embankments 
of  many  localities.  Damages  sustained  in  Mikawa  W£ui  /bayi  same 
below/  were  especially  severe.  In  the  restoration  work  undertaken, 
due  care  was  given  to  protect  the  rear  spread  from  the  overtopping 
waves,  waves  that  can  erode  the  spread  armor  to  cause,  in  turn, 
the  erosion  of  embankment  earth  and  sand  to  bring  about  the  top- 
pling of  the  whole  embankment.  The  measure  adopted  was  to  install 
reinforced  coverings  to  the  three  sides  of  an  embankment.  By  the 
time  of  the  Ise  Wan  typhoon  strike,  the  installation  of  this  cover- 
ing to  the  face  spread  of  almost  all  embankments  in  Koromoga  Ura 
Wan  and  Mikawa  Wan  had  been  completed,  and  as  a result,  only  slight 
damages  were  suffered  by  the  embankments  in  these  areas  from  this 
typhoon.  Chart  6.2  shows  the  cross-section  view  of  these  embank** 
ments . 
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Chart  6,2  - Cross-section  View  of  Coastal  Embankment  After 
Typhoon  No  I3 


8.  Concrete 

9*  Fill  pebble  rocks 

10,  "shio  asobi  bu"  ^iterally 
"tidal  play  sectionjy 

11,  Face  foundation  block 

12,  Rear  foundation  block 
13*  Spot  pile  concrete 


1,  Unit  I cm 

2,  Paddy  field,  farmland 
3*  One-sided  slope t 2% 

4,  Rip-rap,  . , , ^ne  of 
two  characters  illegible  t 
possibly,  "exterior^ 

5.  Rip-rap,  ,,,  ^ne  of 
two  characters  illegible  1 
possibly,  "interior^ 

p.  Concrete 

7,  Fill  pebble  rocks 


Because  of  inadequate  improvement  work  undertaken,  the  coastal 
areas  of  Ise  Wan  which  suffered  only  slight  damage  voider  Typhoon  No 
13  were  hard  hit  by  the  Ise  Wan  typhoon.  Almost  all  the  embank- 
ments on  the  northern  coastline  of  this  bay  were  destroyed.  The 
structural  restoration  of  embankments  that  was  carried  out  In  the 
Ise  Wan  area  after  this  hit  conformed,  for  the  most  part,  to  the 
type  of  structure  given  in  Chart  6,2,  The  height  of  the  crown  was 


raised  a little  and  the  dimension  of  the  structures  was  enlarged 
a little,  however,  to  permit  the  whole  embankment  to  better  cope 
with  flood  tides.  The  renovation  work  that  was  conducted  after 
the  Ise  Wan  typhoon  basically  converted  most  of  the  embankments 
In  the  Ise  Wan  coastal  area  Into  relatively  new  sea  wall  type 
structures.  Most  of  the  coastal  embankments  In  the  Mlkawa  area 
are  vertical  type  embankments  that  were  constructed  before  the  Ise 
Wan  typhoon,  but  some  have  been  renovated  since  that  time. 

1.  Summeiry  of  Weep/Alr  Holes  Survey  Report  on  Alchl  Coastal 

Embankments 

The  following  are  excerpts  from  the  referenced  attachment  of 
the  Alchl  Prefectural  Survey  Report. 

"A  weep/alr  hole  that  develops  Inside  an  embankment  but  cannot 
be  seen  from  the  surface  Is  a very  dangerous  development  from  the 
standpoint  of  embankment  safety.  This  can  develop  into  a very 
serious  ’point'  and  thus,  the  decision  was  made  to  conduct  embank- 
ment Inspection  along  the  whole  coastline  of  the  prefecture.  After 
examining  the  various  Inspection  methods  that  were  available,  the 
primary  inspection  method  selected  was  the  one  calling  for  the  dig- 
ging of  a hole  (0,5m  x 1.0m)  through  the  normal  concrete  layer  to 
directly  check  the  condition  of  the  embankment  earth  and  sand,  sup- 
plemented by  the  method  of  using  a 'sono-timer'  /sonometer?/# 
without  removing  the  concrete  armor,  to  check  the  diffusion  time 
of  elastic  wave.  The  selection  of  the  Inspection  sites  was  based 
on  the  following  principles! 

a.  A site  where  the  embankment  cross  section  Is  an  embank- 
ment iyp:  and  where  the  foundation  base  was  adjudged  to  be 
soft  and  weak. 

b.  Although  the  crosS  sest^nn  may  possibly  be  a sea  wall 
type,  a site  where  the  rear  area  is  bocupled  by  homes,  road, 
etc,,  and  where  the  'economic  effectiveness  is  great'  ^ot 
further  elaborate^  and  thus,  a district  or  area  subject  to 
'blistering. ’ 

c.  A site  within  each  Qcastal  district  that  will  permit 
the  undertaking  (1)  of  Investigation  of  at  least  one  or  more 
embankment  that  shows  surface  crack  In  the  normal  concrete 
armor  and  of  at  lea^t  one  or  more  embankment  that  does  not 
show  the  aforeracntloned  crack  and  (2)  of  study  to  determine 
the  relationship  between  the  above  two.  In  accordance  with 
the  Investigation  mode  outlined  In  Table  6.1 

''Based  on  the  principles  described  above,  some  445  different 
were  Investigated.  The  result  of  the  investigations  showed 
iihat  weep/alr  holes  were  found  In  only  2?  sites,  or  about  6.1^  of  the 
total  and  that  these  were  sites  all  located  In  the  coastal  area  of 


95 


Mikawa  Wan,  One  of  the  reasons  for  the  confinement  of  the  weep 
hole  discovery  to  the  Kikawa  Wan  area  embankments  could  be  attri- 
buted to  the  fact  that  in  the  site  selection  process,  a number  of 
sites  in  the  Ise  Wan  coastal  area  were  eliminated  because  of  the 
change  in  the  functional  requirements  of  embankments  in  this  area 
brought  about  by  expanding  reclamation  work.  Information  on  the 
weep  holes  discovered  at  the  2?  sites  is  provided  in  Table  6,1, 

The  developmental  causes  for  these  weep  holes,  as  studied  and  ana- 
lyzed by  the  Nagoya  Research  Institute  of  Industrial  Technology, 
were  as  follows « 

a.  Uneven  sinking  between  the  normal  concrete  armor  and 
the  embainkment  earth  and  sand  caused  by  the  sinking  of  the  base 
from  the  weight  of  the  embankment  and  development  of  air  gaps 
from  the  compaction  of  embankment  soil. 

b.  Erosion  of  embankment  earth  and  sand  caused  by  high 
and  low  tides  and  water  action  and  development  of  weep  holes 
through  natural  erosion  action. 

c.  Seepage  of  rain  water,  etc,,  into  the  embankment  normal 
euTnor  from  its  natural  expansion  and  contraction  phenomena  caus- 
ing the.  shift  in  embankment  earth  and  sand  to  develop  air  gaps. 

Of  the  2?  sites,  20  were  categorized  as  those  that  fell  under  a 
above,  five  under  b above,  and  two  under  c above.  ^ 

"In  the  on-the-spot  investigations  that  were  conducted,  very 
minute  air  holes  that  were  not  as  distinct  a hole  as  those  observed 
in  the  27  sites  were  also  detected  in  other  sites.  These,  for  the 
most  part,  were  those  very  minute  natural  gaps  that  developed  be- 
tween the  normally  laid  concrete  armor  and  the  embankment  earth  and 
sand  in  a two-layer  armor  structure  of  filled  pebbles.  Similar 
type  of  air  gaps  of  1-2  cm  was  also  observed  in  structures  where 
asphalt  foundation  had  been  constructed  under  the  normal  concrete 
spread.  Though  these  1-2  cm  gaps  do  not  strictly  come  under  the 
accepted  category  of  an  air  hole,  they  were  widely  observed  in  this 
investigation,  particularly  in  those  embankments  that  did  not  show 
any  surface  breaks,  such  as  concrete  cracks.  They  are  not  posing 
as  an  immediate  threat  to  the  embankments,  but  their  development  is 
a matter  that  will  require  attention  in  the  future," 
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Table  6,1  - Table  on  Survey  Results  of  Weep/Air  Holes  auid  Air 
Gaps/Openings 
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Key  to  Table  6.1» 


1 li 


hi 

I 
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1.  site  Number  l6a, 

2.  Location  of  Weep  Hole  or  17, 

Air  Gap 

3.  Depth  of  Weep  Hole  or  17a, 

Air  Gap 

4.  size  of  Weep  Hole  or  18, 

Air  Cap  (Estimate )(m2)  29, 

5.  Cause 

6.  sinking  Since  Construction  (cm)  20. 

7.  Condition  of  Base 

8.  Rear  spread  21. 

9.  Sinking  from  consolidation  or 

compression  22, 

10.  9m  sedimentation  of  CL  layer 

of  N-value  10  or  below  (CL=  23, 

claylsh/clayey  soil)  24. 

11.  Face  spread  25. 

12.  Prom  the  time  of  construct- 
ion? 26. 

13 • No  weak  and  soft  clay  layer 

14,  Consolidation  of  embankment 

and  base  27. 

15 • There  are  about  8 m of  loose 
sand  layer  of  N-value  6 or 
lower  but  no  clay  layer.  28. 

16.  Consolidation  sinking  of  base 


I 

f 
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Compression  of  embankment 
3.5ro  of  CL  layer  of  N-value 
0-1 

3m  of  SF  layer  of  N-value  4 
(SF=psammitic  soil) 

Crown  edge 

Consolidation  sinking  of 
base 

There  are  15  m of  hard  CH 
layer  of  N-value  7 or  higher. 
There  are  6m  of  CH  layer, 
(CH»clay) 

Consolidation  sinking  of 
base  I erosion 
There  are  6 m of  CH  layer. 
Compression  of  embankment 
Generally  speaking,  the 
pebble  layer  is  well  developed. 
Compression  of  embankment i 
soil  erosion  from  water  per- 
meation 

Sllppeige  of  raised  back  ground i 
permeation  of  water  from 
ground  site 

There  are  5 ro  of  CL  layer  of 
N-value  0-1,  and  below  this, 

5m  of  complete  S.CL  layer  of 
N-value  3 (S»sand) 


ir**- 


J 


(Continued  Key  to  Table  6,1) 


29.  Erosion 

30.  There  are  10  n of  sand  layer 
of  N-value  10-20,  and  below 
this,  hard  CH  layer  of  N-value 
7-9. 

31.  Soil  erosion  from  water 
permeation 

32.  Absolutely  no  soft  or  weak 
clay  layer 

33.  Sand  layer  and  efflorescence 
granite  layer 

34.  Well-developed  pebble  layer 
of  N-value  10  or  higher 


35.  Soil  erosion  from  permea- 
tion flow  inside  the  em- 
bankment 

36.  Well-developed  sand  layer 
onlyj  there  are  4 m of  sand 
layer  of  N-value  ?j  below 
this,  N-value  20  or  higher. 

37.  There  are  about  2 m of  CL 
layer  of  N-value  Oj  below 
this,  sand  layer  of  N-value 
20  or  higher. 

38.  There  are  6-10  m of  CL  lay- 
er of  N-value  0-1. 


B.  Coastal  Survey  to  Clarify  the  Relationship  Between  Weep/ 
Air  Holes  and  Air  Gaps  and  Wasting  Indicators 

A very  high  reliability  could  be  placed  on  the  coastal  embank- 
ment survey  findings  of  Aichi  prefecture  since  the  method  employed 
was  to  remove  the  covering  to  observe  directly/vividly  if  there  was 
or  was  not  a weep  hole  or  air  gap  inside  an  embankment.  It  was 
felt  that  if  the  visible  embankment  changes  that  have  been  observed 
in  the  on-the-spot  survey  that  had  been  conducted  could  be  corre- 
lated with  the  external  conditions  of  the  embankments  where  the 
weep  holes  and  air  gaps  had  been  observed  in  Aichi  jprefecture,  a 
better  understanding  of  the  relationship  between  the  aforementioned 
observed  changes  and  the  weep  holes  and  air  gaps  could  be  gained. 
For  this  reason,  we  sought  and  gained  the  permission  of  the  Aichi 
prefectural  authorities  to  conduct  investigation  of  the  embankments 
in  this  prefecture.  The  investigation  covered  13  embankment  sites 
including  8 of  the 'aforementioned  27  sites  where  weep  holes  and  air 
gaps  had  been  observed.  Chart  6.3  - 6.13  show  cross-section  views 
of  the  embankments  investigated.  Photo  6.1-6.51»  investigation 
findings,  and  Table  6.2,  external  changes  that  were  observed. 
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a.  Coastal  Embankment  A-1  (see  Chart  6,3.  Photo  6, 1-6, 4) 

The  embankment  is  located  deep  inside  the  Koromoga  Ura  Wan, 
way  beyond  the  central  wharf.  Extensive  reclamation  work  has  been 
performed  near  the  site  to  discount  the  possibility  of  serious  wave 
action.  It  is  a three-side  concrete  armor,  masonry  embankment  that 
was  constructed  after  the  disastrous  Typhoon  No  13.  The  face  spread 
showed  an  oblique  and  a horizontal  direct  line  crack,  the  latter 
near  the  adjoining  wave  deflector  ground  site  (presumbaly  caused  by 
the  larger  size  difference  of  the  parapet  section  as  compared  to 
the  face  spread  armor),  but  they  were  relatively  small-sized  and 
unexposed  cracks.  The  rear  spread  armor  was  exposed  near  the  in- 
dentation of  the  shoulder  (possibly  due  to  poor  construction)  and 
showed  a horizontal  direction  crack  near  the  center  and  a crack 
near  the  tail  end.  Accor^ding  to  the  Aichi  prefectural  survey  re- 
port, about  a 1 cm  gap  was  detected  between  the  rear  spread  armor 
and  the  embankment  core  and  it  was  assumed  that  this  gap  extended 
beneath  the  whole  rear  spread  armor.  Grout  has  been  poured  into  this 
gap  to  fill  up  this  air  gap. 
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Photo  6.2  - Level  Difference 
Between  Crown  and  Rear  Spread 
at  Ground  Site 


Photo  6.1  - Normal  Line  Di- 
rection Crack  of  Face  Spread 


?!K-6.4  tt<0>)X&m:^!l!l<0^9v  ^ 


Photo  6.4  - Normal  Line 
Direction  Crack  of  Rear  Spread 


-Photo  6,3  - Exposure  of  Rear 
Spread 


b.  Coastal  Embankment  A-2  (see  Chart  6.4,  Photo  6. 5-6. 9) 

This  embankment  is  located  inside  the  Koromoga  Ura  Wan  but  much 
farther  in  than  embankment  A-1,  and  thus,  it  is  believed  that  the 
wave  action  it  is  encountering  is  neglible.  From  the  exterior,  it 
appears  to  be  a solid  structure,  but  the  conjecture  is  that  there 
are  air  gaps  beneath  the  face  and  rear  spread  armors  and  for  this 
reason,  mortar  pouring  job  has  been  scheduled.  Visible  outside  changes 
that  have  been  observed  include,  as  shown  in  the  photos,  abrasion  or 
angular  break  (believe  this  to.be  the  result  of  poor  material  used) 
of  face  spread,  face  spread  edge,  and  face  spread  center  part,  crack 
that  extends  from  the  face  spread  to  the  parapet,  vertical  aber- 
ration of  rear  spread  armor  at  the  vertical  ground  site,  etc.  Ac- 
cording to  the  Aichi  survey  report,  about  a 3 cm  gap  has  been  observed 
in  this  embankment. 


Chart  6,4  - Cross-section  Sketch  of  Coastal  Embankment  A-2 
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Photo  6,6  - An- 
gular Break  Iha 
Developed  at  th 
Lower  Section  o 
Face  Spread 
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'Photo  6.7  - Wasting 
of  Tidal  Section  Con 
Crete 


Photo  6,8  - Exam 
pie  of  Section 
Direction  Cracks 
Throughout  the 
Pace  Spread 


-Photo  6,9  - Crack 
of  Wave  Deflector 


c.  Coastal  Embankment  A-3  (see  Chart  6,5»  Photo  6,10-6.13) 

This  embankment  is  located  at  the  mouth  of  Yahagi  Gawa  with 
a beach  to  the  front,  but  is  encountering,  it  is  believed,  re- 
latively heavy  action  of  the  waves.  Both  the  face  spread  and  the 
foundation  steps  are  constructed  of  concrete  and  the  front  and 
rear  spreads  are  provided  with  asphalt  concrete  coverings.  In  one 
section  of  the  asphalt-concrete  coverings,  there  is  a crack,  but 
no  other  deteriorations,  such  as  exposure,  cave-in,  etc.,  were 
observed.  Due  to  insufficient  coverings,  exposure  of  ferro-con- 
cretes  was  observed  in  the  face  spread  armor  and  parapet  sections. 
Sinking  of  the  foundation  steps  was  also  noted.  Reinforced  bed- 
ding has  been  constructed  of  rip-rap  concrete  to  fill  up  any  air 
gaps. 

Weep  holes  were  observed  near  the  bedding  anchor  as  localized 
holes.  These  holes,  it  is  believed,  were  caused  by  the  shift  in 
embankment  soil  from  the  permeation  of  rain  water  or  from  the  change 
in  the  water  level  of  the  rear  "shio  asobi"  literally,  "tidal 
play:7. 


I — Chart  6,5  - Cross-section  Sketch  of  Embankment  A-3 
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Photo  6.10  - Small  Step  Slab  .Photo  6,11  - Exposure  of  Ferro 
Sinking  of  Reinforced  Concrete  / Concrete  of  Wave  Deflector 
•Section  / 


Vn-  6.1  0 9 5'OttT 
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Photo  6.13  - Crack  of  Rear 
Spread 


Photo  6,12  - Rear  Spread  (As 
phalt  concrete  covering) 


d.  Coastal  Embankment  A-4  (see  Chart  6.16,  Photo  6.14) 

This  embankment  faces  the  waterway  that  passes  through  Teratsu 
Heurbor  and  thus,  is  not  encountering  any  direct  action  of  the 
waves.  It  was  constructed  atop  an  old  masonry  rip-rap  after  Ty- 
phoon No  13.  The  face  spread  is  provided  with  small  steps  and  is 
supported  by  reinforced  bedding.  The  crown  is  covered  with  asphalt 
concrete.  A concrete  block  cave-in  was  observed  in  the  step  sect- 
ion of  the  face  spread i grass  is  growing  at  the  ground  site.  The 
even  slope  rear  spread  is  provided  with  a concrete  armor,  but  a 
vertical  aberration  was  observed  at  the  vertical  ground  site.  Cfass 
is  also  growing  at  this  site.  The  back  is  a "shio  asobi"  /tidal 
play?7  area.  The  aforementioned  Aichi  survey  report  stated  that 
a 1-cm  air  gap  was  found  below  the  face  spread  armor. 


Chart  6.6  - Standaurd  Cross-section  Sketch  of  Coastal  Embanknent  A-4 
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^-i-Photo  6.14  - Conditions  of  Face  spread 
and  Reinforced  Bedding 


a.  Coats tal  Embankment  A-5  (see  Chart  6.7i  Photo  6.15  “ 6.18) 

This  embankment  is  located  much  farther  inside  than  embankment 
A-4  and  is  constructed  about  the  same  as  A-4,  structurally.  The  con 
Crete  block  of  the  upper  step  section  of  the  face  spread  showed  a 
cave-ln  (similar  to  A-4)i  a 5“cm  or  more  vertical  aberration  of  the 
vertical  ground  site  was  etlso  observed.  According  to  the  Aichi  sur- 
vey  report,  about  a 3-cm  air  gaps  were  observed  beneath  the  face 
spread  armor. 


Chart  6.7  - standard  Cross-section  Sketch  of  Embankment  A-5 
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-Photo  6.17  - Normal  Line 
Contour  Change  of  Wave 
Deflector 


«>ot»  6.16  - 

Exposed  Face 

»a-e.i6  — spread 


*11- $.18 

—Photo  6,18  - Normal  Line  Right  Angle 
Crack  That  Developed  in  Face  Spread 
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f.  Coastal  Embankment  A-6  (see  Chart  6.8 


Photo  6.19-6.22) 


This  embankment  is  located  in  an  araa  pinched  in  by  the  water- 
way and  Okuda:  Kitta.  No  strong  action  of  the  waves,  it  is  believed, 
is  being  faced  by  this  embankment.  The  face  spread  is  provided  with 
small  steps  and  the  whole  front  is  supported  by  reirJ'orced  bedding; 
external  observation  shov/s  no  unusual  change  in  the  whole  face  spread 
The  crown  is  covered  with  asphalt  concrete  and  also  shows  no  deteri- 
oration. The  rear  spread  shows  some  exposure  but  is  provided  with 
concrete  armor*  few  cracks  were  observed  in  the  rear  spread  and  a 
patch  of  growing  grass  was  observed  near  its  connection  with  the 
bedding  anchor.  According  to  the  Aichi  survey  report,  about  a 1cm 
air  gap  was  observed  beneath  the  face  spread  armor. 

( — Chart  6.8  - Standard  Cross-section  Sketch  of  Coastal  Embankment 
A-6 
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•Photo  6.21  - Opening  at  the 
Ground  Site  of  Wave  Deflect 
or  (breach  of  ground  site 
block) 


-Photo  6.22  - Conditions  of 
Rear  spread  and  Bedding 
Anchor 


g.  Coastal  Embankment  A-7  (see  Chart  6, 9#  Photo  6,23-6.28) 

The  cross-section  of  this  embankment  is  almost  the  same  as  A-6 
but  this  embankment  has  a concrete  block  cave-in  block  in  the  step 
section  of  the  face  spread  and  its  reinforced  bedding  to  the  front 
showed  scattering  near  the  sluice.  The  latter  development  is  be- 
lieved to  have  been  caused  by  the  conversion  of  waves  resulting 
from  the  breakwater  located  on  the  western  side  of  the  sluice. 

At  the  vertical  and  horizontal  ground  sites  of  the  rear  spread 
armor,  big  breaks  and  vertical  aberrations  were  observed.  Thick 
growing  grass  was  observed  near  the  pile  joint  of  the  bedding 
anchor  as  well  on  the  crown.  According  to  the  Aichi  survey  report, 
a 2 cm  air  gap  was  observed  beneath  the  face  spread  armor. 


Vim  ii 


Chart  6.9  ••  Standard  Cross-section  Sketch  of  Embankment  A-7 
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Photo  6.27  “ Rear  Spread 
Slmb  BreiUc 


h.  Coastal  Embankment  A-8  (see  Chart  6,10,  Photo  6.29-6.32) 

This  is  a 3“level  sea  wall  structure  with  a parapet  constructed 
on  the  top  and  a reclaimed  ground  to  the  rear.  The  apron  was  an 
asphalt-concrete  covering  that  was  employed  as  a roadway.  This  cover- 
ing was  removed  because  of  5“6  cm  sinking  and  a big  air  hole  was  dis- 
covered below.  It  was  assumed  that  the  cause  for  this  development  was 
the  soil  erosion  from  the  ground  site  of  the  front  block.  The  dis- 
covery led  to  the  removal  of  the  whole  covering  to  repack  the  soil 
below  and  to  recover  the  whole  blocks  with  concrete  reinforced  by  use 
of  cords.  A year  after  this  renovation  work,  hov/ever,  the  reinforced 
coverings  with  cord  began  to  chip  off,  leading  to  the  sinking  of  the 
coverings.  Present  plan  calls  for  the  placement  of  sheet  pilings  to 
correct  the  above  situation.  The  reinforced  bedding  to  the  front  ap- 
pears to  be  in  good  condition,  showing  no  shifting  of  any  kind  despite 
the  fact  that  it  has  been  in  existence  for  about  10  years  since  its 
construction. 

f-  -Chart  6,10  - standard  Cross-section  Sketch  of  Embankment/Sea 
Wall  A-8 
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Photo  6.31  " Conditions  of 
Front  of  Sea  Wall  and  Re- 
inforced Bedding 


i.  Coastal  Embamkment  A-9  (see  Chart  6,11,  Photo  6, 33-6. 37) 

This  embankment  is  located  deep  inside  the  Kikawa  Wan  in  a lo- 
cation where  the  terrain  serves  as  a barrier  against  any  serious  act- 
ion of  the  waves.  Extensive  reclamation  work  is  being  undertaken  to 
the  front  to  indicate  that  in  due  course  of  time,  this  embankment  will 
be  facing  quiet  sea  water  to  the  front.  Almost  no  deterioration  was 
observed  in  the  originally  constructed  reinforced  bedding.  The  face 
spread  armor,’  however,  did  show  a horizontal  direction  concrete  abra- 
sion near  the  end  of  the  armor  as  well  as  angular  breaks  and  cracks 
(part  of  the  larger  cracks  of  the  spread  have  been  repaired  by  con- 
crete mending).  The  rear  spread  armor  also  showed  a break  at  the 
vertical  ground  site  and  at  the  pile  joint  of  the  bedding  anchor  and 
an  erosion  of  the  soil  at  the  shoulder i a number  of  cracks  were  also 
observed  in  the  rear  spread.  This  embankment  was  not  listed  as  one 
of  the  weep-hole  sites  in  the  Aichi  survey  report,  but  was  a suspect 
site.  For  this  reason,  grout  pouring  work  has  been  carried  out  so  far 


Cross-section  Sketch  of  Coastal  Embankment  A-9 
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Photo  6.35  “ Angular 
Break  of  Lower  Section 
of  Pace  Spread  at  Con- 
crete pile  Joint 


j.  Coastal  Embankment  A-10  (see  Chart  6.12,  Photo  6,38-6,43) 

This  is  a three-side  concrete  aurmor  embankment  that  was  con- 
structed over  a foundation  that  a masonry  embankment  stood  before  it 
was  destroyed  by  Typhoon  No  13.  With  the  exception  of  few  cracks,  the 
face  spread  appears  almost  the  same  since  its  completion,  but  a soil 
erosion  near  the  shoulder,  breach  with  the  bedding  anchor  near  the 
pile  joint,  and  a crack  near  the  center  armor  were  observed  in  the 
rear  spread. 
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-Photo  6,38  - Pace  Spread  and 
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-Photo  6.42  - Level  Difference  — ^Photo  6,43 
Caused  by  Sinking  of  Crown 


Man-hole  of  Crown 


k.  Coastal  Embankment  A-11  (see  Chart  6.13,  Photo  6.44-6.48) 

This  embsmkment  is  located  outside  the  breakwater  of  Koromoga  Ura 
Wan.  The  designed  tide  grade  after  the  Ise  Wan  typhoon  was  7,50, 
but  at  the  time  of  strong  waves,  the  waves  splashed  over  the  crown. 

The  front  sand  did  show  seasonal  type  of  movements,  but  there  appeared 
however,  no  loss  of  the  sand. 

Angular  breaks  and  abrasion  were  observed  in  the  face  spread  ar- 
mor near  the  work  site,  but  concrete  repair  work  had  been  performed  on 
severe  breaks.  Generally  speaking,  the  mixture  of  concrete  seemed 
rather  poor,  but  except  for  the  above  deteriorations,  no  other  serious 
breakdown  was  noted.  Because  of  fairly  high  back  base,  the  rear 
spread  profile  was  very  low  in  comparison.  The  rear  spread  showed 
some  exposure  but  no  crack  or  unusual  change.  In  the  Aichi  survey, 
no  weep  hole  or  air  gap  was  found,  but  spread  concrete  had  been  em- 
ployed to  repair  the  upper  part  of  the  face  spread  where  many  cracks 
had  developed,  and  grout  for  the  lower  part.  This  embankment  was 
restored  after  Typhoon  No  13  and  Its  face  spread  armor  is  only  about 
30  cm  thick. 


Chart  6,13.-  Standard  Cross-section  Sketch  of  Coastal  Emgankment  A-11 
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Photo  6,47  - Sur- 
face Abrasion  and 
Soil  Erosion  at 
Ground  Site  of  Wave 
Deflector 


Photo  6.48  - concrete 
Abrasion  of  Rear  Spread 
Armor 


Photo  6,46  - Angular 
Break  of  Pace  C^read 
Lower  Section  at 
Ground  Site 


Key  to  Table  6.2 : 


- 1. 

2. 

3. 

4. 


5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 


19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 


Coastal  Embankment 
year  Constructed 
Changes  Observed  Externally 
Front  SideiS  34-38 
^otet  "S"  refers  to  Shovnaj 
thus  to  get  the  year,  add 
25j  e.g..  S 34-38=34+25  and 
38+25  or  1959-1963!  same  be- 
low and  across  the  column7 
Back  side!  S 36-38 
Additional  repair  in  mid- 
section 
Foundation 

Condition  of  reinforced  bed- 
ding rip-rap 

Erosion  of  blocks  from  wave 

action 

Erosion 

None  (within  inner  Koromo- 
ga  Ura  Wan) 

Partial  dispersion/scatter- 
ing 

None  (inside  the  Wan/bay) 
Good  (rip-rap  and  concrete 
pieces) 

No  dispersion/scattering 
None 

Reinforced  bedding  shift  in 
sluice  section 
No  Bcattering/dispersion 
(since  10  yeaurs  ago  when 
first  constructed) 

Face  spread  eurmor 
Normal  line  exposure  of 
face  spread 

Normal  line  right  angle  di- 
rection exposure 
Normal  line  right  angle  di- 
rection crack  exposure 
Normal  line  right  angle  di- 
rection cave-in 
Angular  break  of  face  spread 
material 
Abrasion 
Damage 

Surface  rusting 

Break  in  face  spread  at  the 

ground  site 


29.  Angular  break  of  face  spread 
at  the  ground  site 

30.  Vertical  aberration  of  face 
spread  at  the  ground  site 

31.  Internal  surface  aberration  of 
face  spread  at  the  ground  site 

32.  Break  of  Ijorizontal  ground  site 

33.  Angular  break 

34.  Vertical  aberration 

35.  Internal  surface  aberration 

36.  Break  at  pile  joint  of  foundation 

37.  Angular  break  at  the  pile  joint 
of  foundation 

38.  Vertical  aberration  at  the  pile 
joint  of  foundation 

39.  Break  of  pile  joint  of  parapet 

40.  Angular  break  of  the  pile  joint 
of  parapet 

41.  Aberration  of  the  pile  joint  of 
parapet 

42.  Normal  line  direction  crack 

43.  Normal  line  right  angle  direction 
crack 

44.  Found  in  one  section 

45.  Observed/found 

46.  Break 

47.  Ground  site 

48 . Unknown 

49.  Crack 

50.  Along  the  work  site  of  parapet; 
also  corner  angle  section 

51.  About  3-5  pitch,  top  to  bottom 

52.  Angular  break  of  ground  site 

53.  Found/observed  (insufficient 
covering  to  expose  the  ferro- 
concrete) 

54.  About  5 cm 

55.  Found  (foundation  work) 

56.  Rip-rap  concrete 

57.  Danger  of  erosion 

58.  No  horizontal  ground  site 

59.  Some  grass  growing 

60.  Found  (9  sites/entire  length) 

61.  Found  (12  sites/entire  length) 

62.  Pound  (1cm;  weak) 

63.  Found  (concrete  wasting  of 
reinforced  bedding  section 
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(Continued  K^*y  to  Table  6,2) 


I 


i 

j 


1 

1 

1 


66. 


67. 

68. 
69. 


70. 

71. 

72. 


r 


73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 
81. 
82. 


83. 


84. 


i. 


85. 

86. 
87. 


88. 

89. 


F 

I 

I 


Break j cave-in 

Found  (8  sites/entire  length) 

A weep  hole  was  found  behind 
the  back  of  the  block-type 
sea  wall  and  as  a result,  the 
area  was  sealed  with  concrete, 
making  survey  difficult;  gen- 
eral situation  unknown  and 
no  unuusual  development  ob- 
served at  the  present  time. 
Found  (Normal  line  level 
drain  situation  near  the 
end  of  face  spread) 

None  - depth t 15  cm 
None  - width;  10  cm 
None  - length;  6 cm 
Found  (end  section  of  face 
spread) 

Found  (very  little) 

Found  (portion  of  structural 
materials  exposed) 

Found  (near  horizontal  ground 
site) 

Found  (center  of  span) 

Wave  deflector 
Indentation  of  normal  line 
Angular  break  of  materials 
Abrasion  of  materials 
Damage  to  materials 
Surface  rusting  of  materials 
Break  at  the  ground  site 
Vertical  aberration  of  ground 
site 

Front  and  back  aberration  of 
groxmd  site 

Normal  line  right  angle  di- 
rection water  level/standard 
crack 

None  (slight  soil  erosion) 
0.5-0, 7 cm  level  aberration 
None  (crack  connected  from 
wave  deflector  to  face  spread) 
Pound  (poorly  mixed  concrete) 
Found  (connected  to  face  spread 
crack) 
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91. 

92. 

93. 

94. 


97. 

98. 

99. 
100. 
101. 

102. 

103. 

104. 

105. 

106. 


107. 

108. 

109. 

110. 
111. 
112. 

113. 

114. 


115. 

116. 
117. 
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Found  (15  cm  ground  site  block 
with  + 0.3  cm) 

Found  (3-5  cm  pitch) 

Found  (3  cm) 

Found  (0,2-0, 3 cm  break  be- 
tween cracks) 

None  (poor  mixture  /of  con- 
crete^) 

Found  (5  m pitch) 

Found  (in  the  connecting  sect- 
ion with  face  spread) 

Crown  armor/covering 

Soil  erosion  of  crown 

Angular  break  of  materials 

Break  at  the  work  site 

Break  with  wave  deflector  at  the 

work  site 

Break  with  rear  spread  at  the 
work  site 

None  (due  to  rear  spread  sink- 
ing or  from  the  very  beginning) 
Asphalt  covering 
Asphalt-concrete  covering 
In  anticipation  of  sinking  at 
the  time  of  construction,  the 
covering  was  laid  1-2  cm  higher. 
Fairly  large  grass  growing  area. 
Found  (1  cm) 

Found  (one  section) 

Found  (8-10  cm) 

Found  (3  cm) 

Rear  spread  armor 

Normal  line  direction  exposure 

of  rear  spread 

Normal  line  right  angle  "ho- 

shutsu  no  shiyorami  dashi" 

/sic;  "exposure  from  released 
tidal  'rami'  (sic)j;7 
Normal  line  right  angle  di- 
rection crack  exposure 
Normal  line  right  amgle  di- 
rection cave-in 
Soil  erosion  of  shoulder 


(Continued  Key  to  Table  6.2) 


118.  Surface  rusting 

119.  Break  at  vertical  ground 
site 

120.  Angular  break  at  ground  site 

121.  Vertical  aberration  at  ground 
site 

122.  Internal  surface  aberration 
of  ground  site 

123.  Break  at  horizontal  ground 
site 

124.  Break  with  pile  joint  of 
bedding  anchor 

125.  Crack  (normal  line  direction) 

126.  (Normal  line  right  angle 
direction) 

127.  None  (Sinking  of  rear  spread) 

128.  Connected 

129.  Just  a little:  0.5  cm 

130.  A few  in  one  section 

131.  Found  in  15  sites  (whole 
length) 

132.  About  3~5  cm  in  the  curve 
section*  pitch  length  Im 
crack 

133.  Found  (24  sites/whole  length) 

134.  Found  - 5 cm 

135.  Found  (grass  growing) 

136.  Found  (12  sites/whole  length) 

137.  Found  (only  slight  exposure) 

138.  None  (some  grass  growing) 

139.  Vertical  ground  site 

140.  Horizontal  ground  site 

141.  Found  (1-2  cm  pitch) 

142.  Found  (only  slightly) 

143.  Found  (8-10  cm) 

144.  Found  (grass  growing) 

145.  Found  (fairly  large  number) 

146.  Found  (3  cm) 

147.  Found  (in  ground  site  block) 
X^d  3r*GSLlc 

149.  Found  (inside  the  block) 

150.  Found  (poor  mixture) 

151.  **  (no  bedding  anchor) 


152.  Weep  Holes  Survey  Results 
of  Aichi  Prefecture 

153.  Location  of  Weep  Holes/Air 
Gaps 

154.  Rear  spread 

155.  Face  spread 

156.  Crown 

157.  No  weep  hole  investigation 

was  conducted, but  fearful  of 
the  existence  of  weep  holes  and 

air  gaps,  mortar  injection  was 

carried  out  and  foundation  was 
reinforced  with  concrete  work. 

158.  No  investigation  conducted 

159.  Depth:  cm  x size  (m*^) 

160 i Cause 

161.  Consolidation 

162.  Cause  by  erosion 

163.  Embajikment  soil  texture 

164.  Pebbles  mixed  with  earth  and 
sand 

165.  Sand 

166.  fountain  soil 

167.  Sandy  soil 

168.  Soil  texture  to  the  front 

169.  River  to  the  front 

170.  Sandy  soil  (river  to  the 
front ) 

171.  Crack  situation  of  surround- 
ing area 

172.  Very  little 

173.  None 
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The  "isshoku"  /literally,  "one  color";  possibly  implying  "all^ 
embankments  of  Kikawa  V/an  have  a crovm  tip  of  TP  5*20  m,  a bedding 
anchor  with  an  upper  tip  of  1 0,0-0.50  m,  and  a rear  spread,  whether 
single  or  multiple  layer,  with  a spread  slope  of  1:1,5#  When  a 
multiple  layer,  there  is  a water  level  section  of  2. 0-4,0  m in  the 
mid-section  of  the  spread  surface.  The  bedding  anchor  is  a concrete 
block  foundation  post  that  stands  about  1,0  m high,  or  a coi^crete 
double  stack  that  stands  about  1 m high.  The  armor/covering  thick- 
ness is  about  30  cm  including  foundation  rip-rap  of  about  15  cm  and 
concrete  thickness  of  about  15  cm.  Weep  hole  investigation  was  con- 
ducted in  this  district,  but  none  was  found.  This  could  have  been 
the  result  of  the  severe  damages  that  had  occurred  to  the  armors/cover- 
ings to  destroy  the  weep  holes  and  air  gaps  before  the  investigation 
was  conducted. 

No  detailed  investigation  was  conducted,  but  from  the  specifi- 
cations standpoint  of  the  aforementioned  rear  spread  and  bedding  an- 
chor, it  can  be  concluded  that  they  are  far  from  adequate  to  withstand 
the  earth  pressure  of  this  high  embankment.  This  fact,  it  is  believed, 
led  to  the  pushing  forward  of  the  bedding  anchor  to  cause  the  sliding 
of  the  rear  spread  armor,  to  the  break  and  aberration  in  the  ground 
site  (block  thinness  also  a contributing  factor),  and  to  the  cracking 
in  the  block.  The  chain  reaction  from  the  above  development  was  the 
break  and  aberration  at  the  joint  of  the  crown,  the  shift  in  the  em- 
bankment earth  and  soil  through  seepage  of  rain  water  and  overtopping 
waves,  and  the  development  of  crack  in  the  crowTi.  in  the  on-the-spot 
survey  conducted,  very  severe  normal  line  direction  crack  of  the 
crown  was  observed  as  well  as  very  heavy  mixed  grass  growth  at  the 
upper  and  lower  edges  of  the  rear  spread. 
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Table  6.3  - Height  of  Embarikment  and  Rear  Spread  Condition 
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1.  Coastal  Embankment 

2,  Crown  Height 

2.  Bedding  Anchor  Height 
• Difference 

5.  Slope  (Average) 

6.  Rear  Spread 

Thickness 

Length  Block  Thickness 
m Road  Base  Thickness 

7.  Bedding  Anchor 

8.  Foundation  steel  pile  lo* 
cated  in  upper  2 m section 

9.  Foundation  log  located  in 
upper  2 m section 
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10.  Foundation  post  located  in 
upper  1.5  m section 

11.  Foundation  posx  located  in 
upper  1.7  m section 

12.  Block  0.75 

13.  Double  stack  concrete  1.00 

14.  Foundation  post  located  in 
upper  1 m section 

13*  Foundation  post  (depth)  lo- 
cated in  upper  1 m section 

16.  Block  1.00 

17*  Condition  of  Rear  Spread 

l8.  Aberration  of  vertical  ground 
site 

19*  Aberration » break  of  vertical 
and  horizontal  ground  sites 


Table  6.2  can  be  regarded  as  a compilation  and  arrangement  of 
the  data  on  the  external  changes  that  were  observed  in  embankments 
and  the  results  of  the  weep  hole  investigations  that  were  conducted 
(also  external  investigations  of  embankments). 

Except  for  the  Mitani  fishing  harbor  sea  wall,  all  the  embank- 
ments that  were  investigated  were  self-supporting  embankments  with 
a fairly  large  rear  spread.  I.'.ost  of  them  were  located  along  the 
Koromoga  and  Kikawa  Wan  coastlines  and  were  those  whose  construct- 
ion had  been  more  or  less  completed  prior  to  the  Ise  Wan  typhoon. 

The  discussions  that  follow  are  general  comments  by  general 
categories  on  the  external  changes  that  were  observed  on  these  em- 
bankments . 

Generally  speaking,  the  foundation  of  these  embankments  was  a 
reinforced  bedding  "choseki"  literally,  "convered/spread  rock/stone” 
pell  mell?7  of  200-300  kg,  showing  no  scattering  or  erosion  in  the 
front.  This  condition  could  be  attributed  to  the  fact  that  these 
embankments  for  the  most  part  are  located  way  inside  the  bay  where 
there  is  very  little  wave  action.  Kost  of  the  face  spread  armors  were 
50-cm  thick  concrete  with  no  reinforcement  and  many  covered  over  an 
old  masonry  coverings.  They  showed  no  structural  breakdowns,  such 
as  cave-in,  exposure,  etc.,  and  even  the  ground  site  was  in  fairly 
good  condition  with  very  little  break  and  aberration.  The  breakdown 
that  was  observed  was  confined  to  the  ground  site  decomposed  piles 
(wooden  piles)  far  removed  from  the  spread  edge  to  pose  no  immediate 
erosion  danger  to  the  embankment  core.  This  kind  of  breakdown,  need- 
less to  say,  will  require  attention,  perhaps  not  immediately  but  in 
time  to  prevent  the  development  of  embankment  soil  erosion  which  can 
lead  to  grave  consequences. 

Breaks  and  other  breakdowns  were  observed  along  the  worksite  and 
in  the  corner  angle  section  of  these  embankments.  It  cannot  be  de- 
termined whether  they  were  the  result  of  poor  construction  work  or 
poor  material  used,  but  whatever  the  reason,  the  threat  of  soil  ero- 
sion of  the  upper  embankment  was  present  in  these  embankments  and 
some  corrective  measures  will  have  to  be  instituted  soon.  Almost 
half  of  the  embankments  that  were  investigated  were  embankments  that 
were  structured  with  small-step/terrace  face  spread  connected  to  the 
foundation  (see  Chart  6, 6-6. 9),  The  unique  breakdown  noted  for  these 
embankments  was  the  cave-in  that  developed  to  the  small-step/terrace 
concrete  block  of  the  crown.  It  is  not  known  whether  this  was  caused 
by  the  erosion  of  the  embankment  soil  or  by  the  sinking  brought  about 
by  the  consolidation  of  the  insufficiently  packed  embankment  soil 
below  the  small-step/terrace  concrete  block,  but  this  kind  of  a break 
down  can  lead  to  serious  chain  breakdowns  and  thus,  immediate  action 
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must  be  instituted  to  repair  the  damage.  This  urgency  will  apply 
especially  to  those  spots  where  wave  action  can  be  expected,  iiven 
if  the  cave-in  cause  was  consolidation  sinking,  the  inevitable  results 
will  be  rain  seepage,  growing  of  grass,  etc.,  to  gradually  weaken  the 
whole  structure. 

The  normal  line  direction  cracks  of  the  face  spread  armors  were 
comparatively  few  in  mimber.  This  was  due,  it  is  believed,  to  the 
armor  thickness  of  about  50  cm,  the  relative  lightness  of  the  weight 
of  the  crown,  and  the  mildness  of  the  wave  actions  that  occurred. 

Large  numbers  of  normal  line  right  angle  direction  cracks  of  the 
face  spread  armors,  however,  were  observed  with  many  that  extended 
to  the  parapet.  The  uneven  sinking  of  the  embankment,  it  is  believed, 
was  the  primary  cause  of  these  cracks.  Comparatively  small  scale 
blister  will  not  lead  to  a crack  if  the  armor  is  very  thick. 

There  was  almost  no  indentation  or  soil  erosion  of  the  wave 
deflectors.  An  abrasion  was  detected  in  one  spot  but  this  appeared 
to  have  been  caused  by  the  use  of  poor  concrete  material.  There  was 
hardly  any  aberration  or  break  at  the  ground  site  as  well.  The  type 
of  wave  deflector  damages  that  normally  occur  when  the  embankment  base 
is  soft  and  weak  because  of  its  location  in  a reclaimed  land  as  shown 
in  Photo  6.49  and  6. 50  was  not  observed  in  the  embankments  investi- 
gated. Only  few  cases  of  wave  deflector  cracks  were  observed  as  well. 


Photo  6.49 


Photo  0,50 


Almost  half  of  the  embankments  that  were  investigated  had  crowns 
with  asphalt-concrete  pavement.  Hardly  any  crack  or  flaw  was  observed, 
moreover,  in  any  of  these  crowns.  The  same,  however,  did  not  apply 
to  those  crowns  with  concrete  pavement.  They  normally  showed  aber- 
ration or  break  at  the  joints  with  the  rear  spread  armor  or  some  nor- 
mal line  crack  that  usually  extended  along  the  center  of  the  whole 
crown  (see  Photo  6.20).  The  latter  development  was  especially  true 
for  those  embankments  with  severely  damaged  rear  spread  armor.  Con- 
crete blocks  are  easily  and  directly  affected  by  the  soil  erosion  of 
embankment  or  by  embankment  shift.  It  can  be  assumed,  therefore,  that 
the  appearance  of  a crack  in  the  crown  with  concrete  pavement  is  a 
positive  indicator  of  its  "rokyuka"  /aging  and  growing  uselessnes^. 

With  regard  to  rear  spread  armors,  many  breakdo’wns  were  observed. 
They  included  vertical  aberrations  and  breaks  at  vertical  and  hori- 
zontal ground  sites  and  even  splits  in  mid-section.  A comparison  of 
the  various  rear  spread  armors  was  provided  in  Table  6.3,  The  pri- 
mary causes  of  the  splits  mentioned  above  could  be  traced  to  the  ex- 
cessive length  of  the  spread  (normal  spread  slope  is  1:1,5,  and  thus, 
the  height  of  the  crown  is  usually  higher),  the  use  of  gravity  type 
bedding  anchor,  too  shallow  bedding  anchor  foundation,  and  the  use 
of  thin  15-cm  armor.  Due  to  one  or  more  of  the  above  causes,  the 
bedding  anchor  fell  or  tilted  forward  to  provide  an  opening  for  the 
rain  water  to  seep  into  the  embankment  to  erode  the  embankment  soil 
or  to  shift  the  embankment  earth  and  soil  to  create  holes  and  gaps 
which,  in  turn,  developed  cave-ins  of  armors  (particularly  thin  armors) 
to  develop  the  splits.  From  the  above,  it  can  be  seen  that  the  pre- 
vention of  these  splits  will  require  not  only  the  strengthening  of 
the  rear  spread  armors  but  the  bedding  anchors  as  well. 

Discussed  below  are  additional  comments  on  the  relationship  be- 
tween the  changes  in  the  embankment  structures  that  had  been  discussed 
and  the  weep  hole  and  air  gap  investigation  that  was  conducted  by  the 
Aichi  prefectural  investigators. 

As  commented  in  a paragraph  of  the  Aichi  Prefecture  Survey  Report, 
many  rice  fields  in  this  prefecture  are  rice  fields  that  were  developed 
as  far  back  as  the  Edo  period  on  reclaimed  land  along  the  coastline. 

The  embankments  that  now  stand  were  built,  for  the  most  part,  to  pro- 
tect these  rice  fields.  The  rear  area  of  every  1-5  km  section  of 
the  embankments  in  this  district  is  generally  occupied  by  newly  de- 
veloped rice  fields  and  generally  speaking  too,  most  of  these  em- 
bankments are  quite  similar  in  structure.  In  the  weep  hole  and  air 
gap  investigation  conducted  by  Aichi  prefecture,  two  spots  of  this 
so-called  "one  embankment  block  section"  /per  tex^  were  first  selected 
(i.e.,  a spot  with  many  cracks  or  a spot  with  very  few  cracks)  and  then 
the  crown,  face  spread,  and  rear  spread  to  remove  their  coverings  to 
Investigate  the  existence  of  any  weep  hole  or  air  gap.  The  actual 
selection  of  these  spots  and  the  weep  hole  or  air  gap  investigation 
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were  left  to  the  discretion  of  the  local  investigators.  (It  appears 
that  in  the  selection  of  the  structures  to  be  investigated,  those 
that  showed  breaks  or  cracks  were  eliminated  or  ignored.)  Thus,  the 
conclusion  that  can  be  reached  is  that  although  the  site  selection 
that  was  made  did  follow  a certain  established  criteria,  there  was 
a certain  degree  of  abstraction  in  the  process  employed. 

In  the  study  of  the  existence  or  non-existence  and  the  number 
of  weep  holes  and  air  gaps  in  embankments,  it  is  well  to  remember 
that  below  every  concrete  armor,  there  normally  is  a rip-rap  that 
contains  air  gaps  (normal  percentage  is  about  }0;l  and  the  size  of 
each  gap  could  be  fairly  large  as  well),  that  the  findings  reached 
could  vary  greatly  depending  on  how  the  coverings  were  removed  and 
on  the  judgment  of  the  individual  investigator,  and  that  in  some 
cases,  questionable  conclusions  could  have  been  made.  Thus,  the 
statement  in  the  aforementioned  Aichi  survey  report  that  reads, 

"...in  only  27  sites,  or  about  6,1^  of  the  total..."  liould  be 
revised  to  delete  the  word,  "only,"  and  replace  it  v/ith,  "at  least," 
to  read  "...in  at  least  2?  sites,  or  about  6.1%  of  the  t 1..." 

After  the  investigation,  fairly  extensive  repair  work,  su«.  s in- 
jection of  grout,  etc.,  was  undertaken  by  Aichi  prefecture.  his 
work  covered  not  only  those  cracks  where  the  weep  holes  and  aj...  gaps 
were  discovered  in  the  investigation  but  cracks  in  armors  of  em- 
bankments that  were  not  covered  in  the  investigation  to  support  the 
contention  made  above. 

In  the  Aichi  survey  report,  the  so-called  weep  hole  and  air  gap 
were  defined  as  those  small  openings  of  several  centimeters  eind  the 
main  cause  of  these  openings  was  attributed  to  the  sinking  that  de- 
veloped from  the  consolidation  of  the  embankment  soil.  If  this  is 
true,  it  must  be  assumed  that  fairly  widespread  weep  holes  and  air 
gaps  are  present  near  the  base  of  every  embankment  as  well.  As  ex- 
plained before,  the  undertaking  of  investigation  of  hard-to-reach 
spots,  such  as  the  base  area,  is  a difficult  one  to  perform  which 
mean,  of  course,  that  there  could  be  many  more  spots  where  these 
small  openings  are  present  in  an  embankment.  It  is  well  known  from 
the  time  of  construction  that  widespread  weep  holes  and  air  gaps  can 
develop  from  developments,  such  as  embankment  sinking  through  soil 
shrinkage  or  consolidation,  uneven  sinking  of  embankment  through  im- 
balanced overhead  weight,  etc.,  but  sad  to  say,  the  only  reliable 
means  available  so  far  to  determine  the  scale  (depth  and  extent)  of 
these  weep  holes  and  air  gaps  is  the  armor/covering  removal  method. 

The  grout  pouring  repair  method  presently  employed  to  seal  these  flaws, 
moreover,  has  not  proved  to  be  a foolproof  method  so  feur.  That  is 
to  say,  in  addition  to  sealing  the  visible  weep  holes  and  air  gaps, 
this  process  must  eliminate  the  gaps  that  exist  in  the  foundation 
rip-rap.  So  far,  however,  no  means  is  available  to  accurately  de- 
termine if  the  injected  grout  had  fully  sealed  these  rip-rap  gaps. 

One  advantage  that  may  develop  from  this  method  is  that  if  sufficient 


grout  is  injected  to  cement  the  foundation  concrete  with  the  rip- 
rap, many  of  the  smaller  openings  can  be  eliminated  to  greatly  reduce 
the  occurrence  of  erosive  processes. 

In  the  Aichi  Survey  Report,  mention  was  made  that  in  spots  where 
weep  holes  were  detected,  cracks  and  aberrations  of  the  joints  con- 
necting the  rear  spread  armor  and  the  crown  were  common  occurrences. 
The  existence  of  weep  holes  and  air  gaps  in  embankments  that  show 
no  exterior  crack  or  aberration  in  spreads  or  joints,  however,  cannot 
be  detected  by  visual  observation  alone,  the  only  exceptions  being 
cases  where  there  are  obvious  indicators  such  as  soil  erosion  of  em- 
bankments, etc.  It  is  believed  that  there  is  no  need  to  become  too 
greatly  concerned  over  the  existence  of  these  weep  holes  except  in 
areas  where  strong  wave  actions  and  other  severe  external  pressures 
against  embankments  are  anticipated, 

VII.  Evaluation  of  Coastal  Embankment  Wasting  Index  and  Methods  of 

Coping  with  Breakdowns 

An  evaluation  of  the  wasting  index  of  coastal  embankments  was 
conducted  by  means  (1)  of  employing  certain  selected  breakdov/n  pro- 
cess criteria  and  certain  selected  changes  indicating  wasting  (wast- 
ing index)  that  have  occurred  to  embankments  since  their  construct- 
ion and  (2)  of  coordinating  our  on-the-spot  investigation  findings 
on  the  present  conditions  of  the  embankments  with  the  investigation 
results  published  in  the  Aichi  Survey  Report. 

The  wasting  indicators  that  showed  on  the  surface  of  embankments 
served  as  the  evaluation  criteria  in  determining  the  extent  of  the 
wastings  of  coastal  embankments.  It  was  assumed  that  the  breakdown 
of  an  embankment  (wasting)  occurs  in  gradual  stages  and  that  each 
stage  of  this  breakdown  designates  some  significant  wasting  index. 

The  length  span*-i,e,,  from  the  time  when  wasting  changes  appear  on 
an  embankment  surface  to  the  danger  point  of  the  embankment  collapse 
— was  categorized  into  A,  B,  and  C stages.  As  employed,  the  "A" 
was  used  to  designate  the  stage  where  the  breakdowns  have  gone  be- 
yond the  so-called  "wasting  stage"  and  where  the  embankment  collapse 
is  imminent  unless  the  required  repair  work  is  performed  immediately! 
the  "B",  the  stage  where  the  embankment  breakdowns  are  in  fairly 
serious  "wasting"  conditions  and  are  in  need  of  proper  repair  work 
to  prevent  the  breakdowns  from  falling  into  the  next  serious  cate- 
gory ("A") I and  the  "C",  the  stage  where  no  visible  embankment  wast- 
ing can  be  detected  from  the  surface  but  if  changes  begin  to  show, 
some  repair  work  will  be  required.  It  should  be  noted  that  in  the 
above,  each  symbol  represents  the  assessed  wasting  value  of  an  em- 
bankment or  its  structure  from  the  changes  that  were  observed  from 
the  exterior. 


I 

I The  wasting  estimates  by  wasting  index  as  mentioned  above  could 

*•  be  effectively  employed,  it  is  believed,  in  examining  the  existing 
wasting  conditions  of  the  coastal  embankments  from  the  standpoint  of 

I their  structural  designs  and  construction  work  and  the  maintenance 
and  control  work  that  have  been  performed.  This  wasting  degree  eva- 
luation approach  should  not  lead  to  any  excessive  estimation  on  the 

(seriousness  of  the  was tings j if  the  findings  appear  excessive  and 
questionable,  they  should  be  weighed  against  the  past  neglect  and 
lack  of  recognition  on  the  seriousness  of  this  problem  on  hand  that 

(have  contributed  to  the  underestimation  of  the  embankment  wastings. 

The  reliability  of  this  type  of  evaluation  approach,  needless  to  say, 
will  depend  largely  on  proper  survey,  research,  practical  testing 
of  breakdowns,  etc.,  that  can  be  backed  by  comparative  study  and 

(application  of  evaluation  standards  to  the  actual  disaster  damages 
that  have  occurred  to  embankments. 

The  wasting  evaluation  based  on  the  wasting  index  can  be  used 

I to  assess  a lone  visible  change  (wasting)  that  appears  on  the  sur- 
face of  an  embankment,  but  it  is  very  seldom  that  this  need  arises. 

In  most  instances,  the  changes  that  surface  are  multiple  ones  that 

I are  interrelated.  The  wasting  index  can  be  employed  to  evaluate  these 
changes  to  derive  at  some  composite  analysis  of  the  problem  on  hand. 

In  the  table  that  follows,  some  of  the  measures  that  have  been  em- 
I ployed  to  cope  with  wastings  have  been  included. 

I 

I 

[ 

I r 


« 


Key  (to  Tables  on  pages  129-135) 


1.  Evaluation! 

A = Visible  changes  showing  dis- 
aster damage  condition  of  em- 
bankment (embankment  wastings 
far  beyond  "wasting"  stage  and 
embankment  facing  imminent 
collapse t immediate  repair  and 
restoration  work  required. 

B = Visible  changes  showing  very 
serious  embankment  wastings. 

C ■ No  serious  visible  wasting 
change  in  embankment 

2.  Type  of  Structure 

3.  Wasting  Index  (Changes  That  Can 
Be  Seen  From  the  Exterior) 

4.  Evaluation 

5.  Other  Interrelated  Wasting  In- 
dex (Changes  That  Can  Be  Seen 
From  the  Exterior)  and  Examples 
of  Countermeasures  Adopted 
Against  Wastings 

6.  Wasting  Index  That  Develops  At 
the  Same  Time  (Changes  That  Can 
Be  Seen  From  the  Exterior) 

7.  Countermeasures  (Examples  of 
Measures  Employed  to  Cope  with 
Wastings) 

8.  Foundation 

9.  Destruction  of  joint  section 
with  rock  base 

10.  Face  spread  armor i cave-in 

(break),  disparity  with 
ground  site 

11.  Aberration  of  pile  joint  of 

foundation 

12.  Normal  line  right  angle  di- 

rection crack 

13 • Crown t soil  erosion  and  normal 
line  direction  crack,  break 
and  cave-in  at  work  site 
14,  Concrete  work  to  cover  the 
front  of  foundation 


15.  Removal  of  part  or  whole 
crown  and  face  spread  armor 
depending  on  the  size  of  the 
weep  holes  and  cavities  that 
develop  within  the  embamk- 
ment  to  cause  soil  erosion 
so  as  to  replace  the  eroded 
soil  or  to  pour  in  mortar 

to  fill  the  vacuum. 

16.  Selection  of  proper  repair 
work  based  on  the  v/eep  hole 
scale  found 

17.  Scattering,  burial  of  re- 
inforced bedding  spread 
rocks 

18.  Replacement  of  reinforced 
bedding  rocks,  or  further 
restrengthening  of  bedding  1 
also  construction  of  addi- 
tional facilities,  such  as 
breakwater,  off-shore  levee, 
etc. 

19.  Erosion,  scattering,  burial 
of  precast  concrete  armor 

20.  Replacement  or  reinforcement 
of  precast  concrete  armor,  or 
construction  of  additional 
facilities,  such  as  break- 
water, off-shore  levee,  etc. 

21.  Replacement  of  earth  and  sand 
in  the  front*  construction 

of  stronger  reinforced  bed- 
ding, or  breakwater,  levee, 
and  man-made  beach 

22.  Exposure  of  ground  base 
of  foundation 

23.  Installation  of  still-water 
sheet  piles  in  front  of  the 
foundation  and  filling  up 
the  in-between  space  with 
concrete*  against  possible 
development  of  embankment  soi 
erosion,  pouring  in  grout* 
reinforcement  of  foundation 
(via  deeper  foundation  base, 
concrete  pouring  in  front  of 
the  sheet  piles,  etc.) 


(Continued  Key  to  Tables  on  pages  I29-135) 


j 24,  Break,  aberration  at  pile  joint 

between  foundation  and  face  spread 

125.  Crack  in  face  spread  armor 

26.  Pouring  in  of  grout 

27.  Exposure 

28.  Erosion!  break  at  pile  joint  with 
I face  spread  armor 

I 29.  Cause  attributable  to  insufficient 
support  of  foundation!  re-strength- 

Iening  of  foundation  (via  enlarge- 
ment of  foundation,  installation  of 
sheet  piles  in  the  front) 

130.  Soil  erosion 

31.  Insufficient  depth  of  foundation! 
deeper  foundation  base  (also  in- 
stallation of  steel  piles) 

132.  Damage,  abrasion  of  concrete 

33.  Undertaking  of  required  concrete 
addition  after  determination  of 

(need 

34,  Break  and  development  of  holes 
in  foundation  steel  piles  (use 

(for  still-water) 

35.  Conversion  of  the  front  into  steel 
pile  structure!  augmentation  by 
concrete!  pouring  in  of  grout 
r 36.  Face  spread  armor 
J 37.  Normal  line  right  angle  direct- 
ion exposure 

138.  Break  and  angular  break  at 

ground  site!  normal  line  right 
angle  direction  crack  in  face 
I spread  surface 

39.  Break  and  slight  aberration  be- 
tween pile  joint  and  foundation  as 
well  as  wave  deflector 
j 40,  Cause  attributable  to  uneven  sink- 
I ing  of  foundation!  against  possible 
development  of  weep  holes,  pouring 

Iin  of  grout 

41.  (No  special  countermeasure  required 
for  poorly  undertaken  work) 

142.  Normal  line  right  angle  direction 
break-up 

43.  Break  and  break-up  of  foundation 

! 


^4,  Angular  break,  break,  and 
aberration  of  face  spread 
at  ground  site 

45.  Removal  of  a portion  of  face 
spread  armor  and  recovering! 
reinforcement  of  foundation 

46.  (In  this  kind  of  case,  em- 
bankment normally  in  a state 
of  near  collapse  requiring 
construction  of  a completely 
new  embankment) 

47.  Normal  line  right  angle  di- 
rection indentation 

48.  Normal  line  right  angle  di- 
rection crack  and  break 

49.  Erosion  of  front,  destruct- 
ion of  foundation,  break  in 
face  spread  pile  joint 

1?*^  Case  where  the  development 

^ of  large  air  holes  in  a 
section  within  the  embank- 
ment caused  the  break  in  the 
face  spread  concrete  block 
or  the  sinking  of  the  whole 
block!  recovering  of  face 
spread  armor  (no  special 
countermeasure  required  for 
indentation  caused  by  poorly 
undertaken  work) 

52.  Angular  break  in  material 

53.  Breakdown  caused  by  some  other 
change!  most  probably  visible 
secondary  change  (wasting), 
but  if  break  large  to  cause 
embankment  soil  erosion,  will 
require  ref)air  work,  such  as 
recovering  by  concrete,  etc. 

54.  Abrasion 

55.  If  minor,  no  special  counter- 
measure required!  this  re- 
commendation given  with  cer- 
tain reservation 

56.  If  not  on  flat  area  but  at 
edge  of  block  and  then  right 
angle,  could  lead  to  erosion! 
In  this  case,  countermeasure 
will  be  required. 


(Continued  Key  to  Tables  on  pages  I29-135) 
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57. 

58. 

59. 


60. 

61. 

62. 


63. 

64. 

65. 

66. 

67. 


\ 

I 


68. 

69. 


70. 


71. 


Damage  72 . 

No  problem  if  damage  minor 
If  a major  damage, then  repair  work 
such  as  reinforcement,  re-  73, 

covering,  etc.,  will  be  neces- 
sary. 

Face  Spread  Armor 
Surface  rusting 

Rusting  caused  by  insufficient 
covering  of  ferro-concrete, 
abrasion  and  damage  to  concrete,  74. 
or  erosion  of  iron  barsi  spe- 
cial countermeasure  not  re-  75. 

quired  (no  easy  and  effective 
countermeasure  available) 

Normal  line  direction  break  at 
ground  site 

Sinking,  exposure  of  foundation? 
cave-in  of  face  spread  surface 
Replacement  of  face  spread  armor? 
repair  of  foundation?  possible 
existence  of  weep  holes  under 
face  spread,  requiring  injection 
of  grout 

Normal  line  direction  angular  76, 

break  at  ground  site 
Possibly  caused  by  poor  con-  77. 

struction  work  (no  right  angle 
alignment  of  ground  site  sur-  78. 

face  with  face  spread),  or  abra- 
sion or  damage  of  material?  if 
a major  break,  will  require  re- 
pair work,  such  as  concrete  re- 
covering and  other  counter- 
measures. 

Normal  line  direction  vertical 
aberration  at  ground  site  79. 

Cave-in,  cracking  of  concrete 
blocks?  sinking  and  exposure  of 
foundation  80. 

Recovering  of  spread  armor?  pre- 
sumed existence  of  weep  holes  in 
embankment,  requiring  injection 
of  mortar  in  surrounding  areas 
Normal  line  direction  aberration 
beneath  the  surface  of  ground 
site 
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(A  very  rare  occurrence? 
presence  of  other  conspi- 
cuous changes) 

Very  rare  occurrence?  if  it 
happens,  embankment  on  verge 
of  collapse  and  other  con- 
spicuous changes  (wastings) 
should  be  observable?  main 
cause  could  be  determined  by 
analyzing  other  wastings. 

Normal  line  right  angle  di- 
rection break  at  ground  site 
Most  probable  cause?  poor 
construction  work  or  erosion 
of  ground  site  blocks?  if 
bt*«ak  caused  by  some  other 
factors,  injection  of  grout 
in  ground  site  section  neces- 
sary— possibly  in  adjacent 
areas  as  well  if  soil  erosion 
in  embankment  suspected?  if 
cracks  in  adjacent  area  blocks, 
assume  existence  of  many  weep 
holes  in  the  whole  area. 

Cave-in  of  concrete  blocks? 
angular  break  at  ground  site 
Break  in  pile  joint  of  found- 
ation or  wave  deflector 
Keans  destruction  of  the  single 
unit  feature  of  face  spread 
armor?  will  require  recovering 
of  face  spread  armor  and  re- 
inforcement of  foundation?  in- 
jection of  grout  for  weep  hole 
development  in  area  will  be 
necessary. 

Normal  line  right  angle  di- 
rection angular  break  at 
ground  site 

Normally  minor  scale  angular 
break  caused  by  poor  construct- 
ion work  or  material  abrasion? 
if  cracks  in  surrounding  aireas 
no  deeper  than  1/3  the  thick- 
ness of  face  spread  armor,  no 
special  countermeasure  neces- 
ary?  if  depth  more  than  i the 
thickness,  then  concrete  cover- 
ing work,  etc.,  necessary. 
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81.  Break  at  ground  site?  break  and 
vertical  aberration  at  ground 
site 

82.  Required  repair  v/ork  such  as  re- 
placement of  armor 

83.  Normal  line  right  angle  direct- 
ion vertical  aberration  at  ground 
site 

84.  If  ground  site  shows  no  break 
and  no  irregularity  and  if  no 
block  break  and  5 cm  or  less 
aberration,  only  action  re- 
quired is  injection  of  sufficient 
grout j if  a major  aberration  and 
if  other  conspicuous  changes  show- 
ing breakdown  in  view,  replace- 
ment of  armor  v/ill  be  required. 

85.  Normal  line  right  angle  direct- 
ion aberration  beneath  ground 
site 

86.  Very  rare  occurrence;  its  occur- 
rence most  probably  means  near 
collapse  condition  of  embank- 
ment 

8?,  Break  of  pile  joint  with  found- 
ation 

88.  (Cases  where  there  is  no  crack 
in  face  spread  armor  and  where 

» there  is  no  aberration  at  the 
ground  site) 

89.  Depending  on  degree  of  break  and 
cause  and  if  only  a minor  found- 
ation shift,  inject  grout  from 
top  of  face  spread  after  check- 
ing for  embankment  soil  erosion 
near  end  of  spread;  inject  grout 
into  pile  joint  of  foundation  as 
well;  if  a major  foundation 
shift,  repair,  such  as  reinforce- 
ment of  foundation,  recovering 
with  concrete,  will  be  required, 

90.  Crack  in  face  spread  armor  and 
aberration  at  ground  site 


91.  If  ground  site  aberration 
and  crack  only  minor  scale, 
repair  by  reinforcing  found- 
ation and  injecting  grout; 
if  change  in  face  spread 
armor  very  conspicuous,  then 
based  on  the  change,  count- 
ermeasures such  as  replace- 
ment of  coverings,  etc., 
will  be  necessary 

92.  Angular  break  of  pile  joint 
with  foundation 

93.  Possible  cause;  material 
abrasion  or  poor  construct- 
ion work;  if  break  fairly 
big  and  indicates  possibi- 
lity of  getting  bigger  and 
possible  development  of  em- 
bankment soil  erosion,  re- 
inforce foundation  and  carry 
outconcrete  recovering  work. 

94.  Vertical  aberration  of  pile 
joint  with  foundation 

95*  (In  case  of  small  step/ 
layer  of  face  spread) 

96.  In  case  of  the  aberration 
of  the  level  coverings  of 
small  step/layer,  inject 
grout  to  improve  the  binding 
of  rip-rap  with  foundation 
to  set  up  one-piece  struct- 
ure of  the  two 

97.  Break  or  aberration  of  pile 
joint  with  wave  deflector 

97a,  Cause  is  inadequate  resist- 
ance capability  of  found- 
ation to  support  face  spread 
armor;  reinforce  foundation 
and  at  the  same  time,  in- 
ject grout  beneath  the  face 
spread  to  seal  up  the  break, 

98.  Break  between  pile  joint 
and  wave  deflector 
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99.  Vertical  aberration  between  109. 

pile  joint  and  foundation 

100.  Sane  counterneasures  as  listed  110. 
in  97a  above 

101.  Backward  tilting  of  wave  de- 
flector j crack  in  crown  near  the 
wave  deflector 

102.  Backv/ard  tilting  caused  by  wave 
deflector  own  weight  or  by  wave 
force;  reinforce  wave  deflector 
binding  with  foundation;  replace- 
ment of  crown  top  and  injection 
of  grout  may  also  be  necessary 

103.  Aberration  of  pile  joint  with 
wave  deflector 

104.  In  most  embankments,  pile  joint  111. 
for  wave  deflector  and  face  spread 
located  at  water  level,  and  thus, 
aberration  believed  to  have  been 
caused  by  strong  wave  action 
against  wave  deflector;  was  tings 

not  confined  to  aberration  alone 
but  should  include  backward  tilt- 
ing of  wave  deflector,  break  of 
pile  joint,  and  also  toppling. 

105.  Angular  break  of  pile  joint  with 
wave  deflector 

106.  Forward  tilting  of  wave  deflect- 
or  could  happen,  but  this  would 
be  rare  case;  if  caused  by  abra- 
sion  of  material,  minor  damage, 
and  if  angular  break  minor,  no  . 
special  countermeasure  not  re- 
quired. 

107.  Normal  line  direction  crack  _ 

108.  Causes  could  be«  excessive  size 
of  wave  deflector,  excessive 
traffic  use  of  crown,  and  in- 
adequate support  capability  of 
foundation;  countermeasures  to 
be  coordinated  with  repair  work 
on  other  changes  after  determi- 
ning the  cause;  if  number  of 
cracks  small,  inject  grout. 


Normal  line  right  angle 
direction  crack 
Causes  believed  to  be  un- 
even sinking  of  embankment 
core  and  development  of 
weep  holes  in  embankment;  if 
number  of  cracks  small,  in- 
ject grout;  if  number,  great 
many  then  examine  embank- 
ment soil  erosion  around 
foxindation  and  undertake  re- 
pair work,  such  as  recover- 
ing of  face  spread  or  re- 
placing old  armor  with  nev; 
armor . 

Wave  deflector 

Soil  erosion  of  wave  de- 
flector 

Cause:  uneven  sinking  of 
embankment;  many  other  changes 
will  also  surface  so  count- 
ermeasures to  be  employed  to 
be  based  on  assessment  of 
the  causes  of  these  changes. 
Nothing  special 
Cause  believed  to  be  poor 
construction  work;  no  special 
countermeasure  necessary 
Normal  line  indentation  of 
wave  deflector 
Cause  believed  to  be  poor 
construction  work;  no  spe- 
cial countermeasure  necessary 
Forward  or  backward  tilting 
of  wave  deflector;  aber- 
ration between  pile  joint  amd 
crown 

Cause  of  transformation; 
wave  action  or  from  own  weight 
of  wave  deflector;  for 
coxmtermeasures , refer  to 
face  spread  armor  section  of 
the  table 
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120. 

121. 

122. 

123. 


124. 

125. 


126. 

127. 


128. 

129. 


130. 


131. 

132. 

133. 

13^. 

135. 

136. 

137. 

138. 


Angular  break  of  materials 
No  special  countermeasure  avail- 
able 

Abrasion  of  materials 
No  special  countermeasure  avail- 
able j if  appearance  is  the  pri- 
mary concern,  spray  on  mortar. 
Damage  to  materials 
No  special  countermeasure  avail- 
able 1 if  a major  damage,  re- 
placement only  solution 
Surface  rusting 

Spray  on  mortar i if  exposed  to 
strong  wave  action,  recovering 
may  be  considered 
Break  at  ground  site 
Cause:  uneven  sinking  of  em- 
bankment? if  no  special  pro- 
tection required  against  tides, 
no  action  required  except  possi- 
ble injection  of  grout 
Vertical  aberration  of  wave  de- 
flector? break  of  crovm  at  the 
ground  site  and  normal  line 
right  angle  direction  crack? 
crack  of  face  spread 
Development  of  weep  holes  in 
and  around  the  adjacent  areas 
in  embankment?  injection  of 
grout 

Vertical  aberration  at  ground 
site 

Break  in  top  of  crown  and  break 
and  aberration  between  pile 
joint  and  face  spread 
Cause?  uneven  sinking  of  em- 
bankment? most  probable  de- 
velopment of  weep  holes  in  the 
area?  grout  injection 
Crack  in  crown?  break  in  wave 
deflector  at  ground  site 
(One  of  the  causes  could  be 
poor  construction  work) 
Aberration  of  ground  site — 
both  front  and  back 
Break  and  aberration  of  pile 
joint  with  face  spread  and 
crown — also  angular  break? 
crack  in  crown 


139.  Cause?  uneven  sinking  of 
embankment  caused  by  strong 
wave  action?  possible  de- 
velopment of  weep  holes?  in- 
jection of  grout 

140.  Normal  line  right  angle  di- 
rection crack 

141.  Crack  and  break  at  ground 
site?  crack  extending  to 
face  spread 

142.  Caused  by  uneven  sinking  of 
embankment?  injection  of 
grout 

143.  Crack  in  wave  deflector 
only  (no  break) 

144.  If  a single  line  crack  in 

a span,  no  special  counter- 
measure required 

145.  Normal  line  direction  v/ater 
level  crack 

146.  If  a ferro-concrete  struct- 
ure, a serious  uneven  sink- 
ing caused  by  wave  action? 
strong  wave  action  site  will 
require  reinforcement  of 
wave  deflector 

If  cause  suspected  to  be 
uneven  sinking,  existence  of 
weep  holes  most  probable; 
countermeasures  should  be  based 
on  assessment  of  other  changes 
as  well 

147.  Crown 

148.  Soil  erosion 

149.  Rare  to  find  normal  line 
right  angle  direction  crack 

150.  Cause?  poor  construction 
work  or  uneven  sinking  of 
embankment?  uneven  sinking 
noted  but  very  few  weep  holes 
found?  no  special  counter- 
measure required 

151.  Many  normal  line  right  angle 
direction  cracks  ? also  some 
normal  line  direction  cracks 

152.  Existence  of  weep  holes  in 
embankment  most  probable? 
Injection  of  grout 
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153.  Sinking,  break  in  crown  con-  164, 
Crete  blocks  1 aberration  or 
break  in  pile  joint  with  rear 
spread  and  wave  deflector  I65. 

15^.  Most  probable  existence  of  large 
size  weep  holes  in  embankment 
and  also  cave-in  of  rear  spread 
bedding  anchor:  required  repair 


work  includeo  improvement  of 
bedding  anchor  and  rear  spread  166. 
as  well  as  injection  of  grout 
and  also  possible  replacement  167, 

of  pile  joint  and  strengthen-  168. 

ing  of  bedding  anchor 

155.  Angular  break  of  materials  I69, 

156.  Cracks  in  surrounding  areas 

157.  Angular  break  located  in  the 

corner  angle  section  caused  by  170. 

heavy  traffic:  major  problem:  171, 

increasing  permeation  of  rain 


water  and  overtopping  waves  into  172, 
embankment:  required  repair  work  173, 
includes  resurfacing  by  asphalt- 
concrete 

158#  Abrasion  of  materials  I74. 

159.  No  countermeasure  required  for 
crowns  used  by  light  traffic,  175, 
but  if  more  and  more  material 
abrasion  spots  appear  on  crown, 

due  attention  should  be  given 
for  possible  development  of 
cave-ins  and  other  breakdowns: 
primary  cause  of  this  abrasion: 
poor  construction  work  or  use 
of  poor  quality  materials  I76. 

160.  Damage  to  materials 

161.  Cracks  in  surrounding  areas  I77, 

162.  Primaury  cause  believed  to  be 

excessive  heavy  traffic:  the 
development  of  cracks  means 
destruction  of  concrete  block 
solidity,  possibly  requiring 
replacement  of  the  .whole  con- 
crete block  178. 

163.  Break  at  the  work  and  ground 
sites 


Crack  in  crown 
Crack  in  wave  deflector: 
crack  in  rear  spread  armor 
Injection  of  grout  and  re- 
covering of  the  ground  site 
to  prevent  the  shifting  of 
embankment  soil  from  pene- 
trating rain  water  and 
overtopping  waves 
Vertical  aberration  of  work 
and  ground  sites 
Cracks  in  near-by  blocks 
Probable  existence  of  weep 
holes:  injection  of  grout 
Aberration  beneath  the  sur- 
face of  work  and  ground 
sites 

(Very  rare  case) 

Angular  break  at  work  and 
ground  sites 

Cracks  in  surrounding  areas 
(See  anguleur  break  of  ma- 
terials section  in  this 
table) 

Break  between  pile  joint 
and  wave  deflector 
General  cause : sinking  of 
crown:  this  development  nor 
mally  leads  to  the  solid- 
arity break-up  of  crown, 
wave  deflector,  and  rear 
spread  and  to  weep  holes  in 
the  embankment:  injection 
of  grout  for  repair  work 
Exposure  and  sinking  of 
foundation 

Exposure  and  sinking  of 
foundation  could  lead  to 
face  spread  sliding  and 
forward  tilting  of  wave 
deflector:  for  counter- 
measure, see  face  spread 
column  in  this  table 
Vertical  aberration  of  pile 
joint  with  wave  deflector 
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179. 

180. 

181. 

182. 

183. 

lek. 

185. 

186. 
187. 

188. 


Crack  and  break  in  crovmj  break 
and  aberration  of  pile  joint 
with  rear  spread 
In  most  cases,  main  cause  is 
the  sinking  of  crown;  this  de- 
velopment destroys  the  solid- 
arity of  crown,  wave  deflector, 
and  rear  spread  and  leads  to 
weep  holes  in  the  embankment; 
countermeasure  I injection  of 
grout 

Angular  break  of  pile  joint 
with  wave  deflector 
Cause;  backward  tilting  of  wave 
deflector;  countermeasure; 
should  be  based  on  assessment 
of  backward  tilting  situation 
Break  in  pile  joint  with  rear 
spread 

Exposure  of  bedding  anchor; 
exposure  of  rear  spread  armor; 
vertical  aberration  of  rear 
spread  at  ground  site;  break 
in  spread  surface 
Believed  main  cause  due  to  in- 
adequate resistance  capability 
of  bedding  anchor;  counter- 
measures; reinforcement  of  bed- 
ding anchor  resistance  capa- 
bility,* based  on  the  extent  of 
damage  to  rear  spread  armor, 
replace  required  armor  parts; 
injection  of  grout 
Vertical  aberration  of  pile 
joint  with  rear  spread 
Exposure  of  bedding  anchor; 
exposure  of  rear  spread  ar- 
mor; crack  in  rear  spread 
armor 

This  breakdown  can  also  occur 
from  pile  joint  break,  but  in 
this  particular  case  (refer- 
enced vertical  aberration), 
the  solidarity  of  embankment 
believed  to  be  still  intact 


although  barely;  required 
countermeasures;  reinforce- 
ment of  bedding  anchor; 
injection  of  grout  because 
of  probable  development  of 
air  gaps  beneath  the  rear 
spread 

189.  In  some  cases,  the  height 
of  the  upper  edge  of  crown 
has  been  made  higher  than 
the  upper  edge  of  rear  spread 
and  thus,  due  attention  must 
be  given  to  this  fact  in 
assessing  the  countermeasure 
to  be  adopted, 

190.  Angular  break  of  pile  joint 
with  rear  spread 

191.  Rare  occurrence;  if  it  does, 
immediate  repair  at  the  break 
site  must  be  undertaken; 
inject  grout  if  weep  holes 
developed  in  surrounding  aireas. 

192.  Normal  line  parallel  di- 
rection crack 

193.  If  only  small  number  of  cracks, 
grout  injection  should  be 
undertaken  against  possible 
development  of  internal  air 
gaps  as  preventive  measure; 

if  large  number  of  cracks, 
grout  injection  would  be  a 
prerequisite  since  the 
existence  of  air  gaps  is  a 
certainty. 

19^.  Normal  line  direction  crack 

195.  Exposure  of  bedding  anchor; 
exposure  of  rear  spread 
armor;  damage  to  reeu:  spread 
armor 

196.  Crack  due  to  rear  spread  ar- 
mor damage;  reinforce  bed- 
ding anchor;  after  repair- 
ing reeir  spread  armor,  re- 
check extent  of  crack  for 
injection  of  grout  or  for 
possible  need  to  replace 
the  bedding  anchor 
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197.  Rear  spread  armor 

198.  .Normal  line  right  angle  direct- 
ion exposure 

199.  Vertical  aberration  of  pile 
joint  with  crown;  normal  line 
right  angle  crack 

200.  Primary  cause:  relative  weakness 
(thinness)  of  rear  spread  armor 
leading  to  break  and  aberration 
at  the  ground  site  after  pass- 
ing of  time;  repair  work  includes 
injection  of  grout  beneath  the 
spread,  reinforcement  of  the  ar- 
mor, or  possibly  recovering  by 
cement 

Breakdown  cause  could  be  poor 
construction  work. 

201.  Normal  line  right  angle  direct- 
ion cracking  and  exposure 

202.  Exposure  of  bedding  anchor 

203.  Cause:  inability  of  rear  spread 
edge  to  resist  earth  pressure  as 
a result  of  the  exposure  of  bed- 
ding anchor;  countermeasure: 
reinforcement  of  bedding  anchor, 
replacement  of  rear  spread  ar- 
mor or  recovering  the  whole  ar- 
mor 

204.  Normal  line  right  angle  direct- 
ion indentation 

205.  Break  in  spread  surface;  verti- 
cal aberration  and  break  at 
ground  site 

206.  Cause:  cave-in  of  rear  spread 
concrete  block  as  a result  of 
the  development  of  weep  holes 
beneath  the  rear  spread  armor; 
countermeasure : replacement  of 
whole  spread  armor  or  inject- 
ion of  grout 

207.  Spread  surface  crack 

208.  Cause:  poor  construction  work' 
has  been  the  reason  at  times. 

209.  Angular  break  of  material 


210.  Believe  this  is  rare  case. 

211.  Abrasion  of  material 

212.  No  serious  problem  except 
at  sites  where  heavy  over- 
topping waves  occur;  if 

the  rear  spread  armor  is  too 
thin,  the  problem  may  occur; 
countermeasures ; spraying  of 
mortar,  injection  of  grout 

213.  Damage  to  material 

214.  A very  rare  case;  see 
abrasion  colum.n  of  this 
table 

215.  Surface  rusting 

216.  All  rear  spread  armors  are 
not  ferro-concrete ; if 
rusting  of  framework,  spray 
mortar 

217.  Normal  line  direction  break 
at  ground  site 

218.  Exposure  of  bedding  anchor 

219.  Countermeasures:  reinforce- 
ment of  bedding  anchor;  de- 
pending on  spread  surface 
condition,  injection  of 
grout  or  recovering  with 
concrete 

220.  Normal  line  direction  aber- 
ration at  ground  site 

221.  Exposure  of  bedding  anchor 

222.  Countermeasures:  reinforce- 
ment of  bedding  anchor;  de- 
pending on  spread  surface 
condition,  injection  of 
grout;  possibly  require  re- 
covering with  concrete 

223.  Normal  line  direction  aber- 
ration beneath  the  ground 
site 

224.  (in  a case  of  this  kind, 
estimation  to  be  made  by 
two  previous  changes  ^ic ; 
not  further  explained 
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225.  Normal  line  direction  angular 
break  at  ground  site 

226.  Very  rare  case;  if  minor  break, 
no  countermeasure  necessary 

227.  Normal  line  right  angle  direct- 
ion break  at  ground  site 

228.  Normal  line  right  angle  direct- 
ion break  and  crack 

229.  Cause;  breaking  of  spread  sur- 
face as  a result  of  weep  hole 
development  beneath  the  spread 
surface;  repair  work  includes 
injection  of  grout  or  replace- 
ment of  spread  armor,  depending 
on  degree  of  break  and  large- 
ness of  weep  hole  area 

230.  Exposure  of  bedding  anchor 

231.  Countermeasures;  replacement 
of  spread  armor  and  injection 
of  grout  in  the  surrounding 
areas 

232.  Normal  line  right  angle  direct- 
ion vertical  aberration  at  the 
ground  site 

233.  Normal  line  right  angle  direct- 
ion crack 

234.  Countermeasure;  injection  of 
grout 

235.  Normal  line  right  angle  direct- 
ion aberration  beneath  the  sur- 
face of  ground  site 

236.  Very  rare  case 

237.  Normal  line  right  angle  direct- 
ion angulsu:  break  at  ground 
site 

238.  Very  rare  case 

239.  Break  between  pile  joint  and 
bedding  anchor 

240.  Vertical  aberration  and  crack 
of  pile  joint  with  crown 

241.  If  only  several  cm  break,  only 
required  repair  would  be  inject- 
ion of  grout  and  reinforcement 
of  bedding  anchor;  if  break  big- 
ger, then  installation  of  steel 


piles,  reinforcement  by 
concrete,  and  injection  of 
grout  beneath  the  rear 
spread  armor 

242.  Vertical  aberration  of  pile 
joint  with  bedding  anchor 

243.  Break  of  pile  joint  with 
bedding  einchor 

244.  See  section  dealing  v/ith 
pile  joint  break  in  this 
table  for  countermeasure 

245.  Normal  line  direction  crack 

246.  Exposure  of  bedding  anchor 

247.  Countermeasures;  reinforce- 
ment of  bedding  anchor;  based 
on  degree  of  crack  and  if 

no  break,  inject  mortar,  but 
if  break  evident,  might  re- 
quire replacement  of  whole 
armor 

248.  Normal  line  right  angle  di- 
rection crack 

249.  Countermeasures;  if  many 
cracks,  may  require  replace- 
ment of  covering;  injection 
of  grout  for  v/eep  holes 

250.  Normal  line  right  angle  di- 
rection exposure 

251.  Cracking  and  exposure 

252.  Normal  line  direction  crack 
of  crown;  break  and  vertical 
aberration  of  pile  joint 
with  crown  and  rear  spread 

253.  Cause;  inadequate  hori- 
zontal resistance  capability; 
countermeasures;  expand  and 
strengthen  the  bedding  by 
installing  steel  piles  and 
posts  and  also  enlarge  the 
whole  section;  based  on  the 
extent  of  damage,  the  repair 
work  of  rear  spread  could  be 
grout  injection  or  replace- 
ment of  the  armor 
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(Continued  Key  to  Tables  on  pages  I29-I35) 


254.  Rear  spread  crack?  break,  cracking 
at  ground  site 

255.  Normal  line  direction  soil  erosion 

256.  Vertical  aberration  of  pile  joint 
with  crown  and  rear  spread 
Vertical  aberration  of  pile  joint 
v/ith  rear  spread 

257.  Cause:  uneven  sinking  due  to  too 
shallow  implacement  of  steel  piles 
and  posts  and  soft  and  v/eak  base 
of  bedding  anchor?  countermeasures: 
reinforcement  of  bedding  anchor  and 
depending  upon  the  degree  of  verti- 
cal aberration,  injection  of  grout 

258.  Break  at  work  and  ground  sites 

259.  Exposure  of  bedding  anchor 

260.  For  countermeasure,  see  column  deal- 
ing with  normal  line  direction  soil 
erosion  in  this  table  (exposure) 

261.  Vertical  aberration  at  work  and 
ground  sites 

262.  Aberration  of  pile  joint  with  rear 
spread?  break  of  rear  spread  crack 
at  ground  site 

263.  For  countermeasure,  see  column 
dealing  with  normal  line  direction 
soil  erosion  in  this  table 

264.  Aberration  beneath  the  work  and 
ground  sites 

265.  Aberration  of  pile  joint  with  rear 
spread;  break  of  rear  spread  crack 
at  ground  site 

266.  Cause:  insufficient  binding  pov/er 
of  bedding  anchor  head/top  section? 
countermeasure:  reinforcement  of 
head/top  section. 
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VIII. Cn  the  Designing  and  Construction  of  Coastal  .Embankments 

Two  or  three  matters  that  deserve  very  careful  attention  in  the 
designing  and  construction  of  coastal  embankments  that  came  to  light 
in  the  investigation  undertaken  are  discussed  below, 

1.  On  the  Designing  of  Embankments 

The  three  sides,  i.e,,  face  and  rear  spreads  and  crown,  of 
a3most  all  the  recently  constructed  coastal  embankments  have  been 
covered  with  concrete,  asphalt,  or  blocks,  and  it  can  be  assumed  that 
all  embankments  to  be  constructed  in  the  future,  with  the  exception 
of  those  that  will  be  facing  only  minor  v/ave  action  and  those  that 
are  fully  protected  from  overtopping  v/ave  action  or  will  be  facing 
very  little  of  this  action,  will  be  provided  with  three-side  cover- 
ings. A point  to  note  in  connection  with  the  above,  hov/ever,  is  the 
woeful  lack  of  research  that  has  been  conducted  on  these  covering 
materials  and  how  these  coverings  should  be  constructed.  The  case 
of  the  covering  thickness  that  has  been  decided  can  be  cited  as  an 
example  to  illustrate  this  point.  Despite  the  extensive  face  spread 
covering  work  with  armor  rocks  that  had  been  undertaken,  the  strong 
wave  action  led  to  their  deterioration  and  subsequently  to  the  top- 
pling of  some  of  the  embankments  to  cause  severe  damages.  From  this 
experience,  the  thickness  of  almost  all  non-reinforced  concrete 
coverings  was  raised  to  about  50  cm.  In  most  areas  where  very  strong 
wave  action  occurs,  moreover,  even  precast  concrete  work  has  been 
undertaken  with  the  hope  of  minimizing  the  destructive  impact  of  the 
overtopping  waves.  The  50-cm  thickness  decision  for  the  coverings, 
however,  was  not  based  on  any  mathematical  computation  of  the  thick- 
ness requirement  for  the  concrete  blocks  to  cope  v/ith  the  wave  force 
of  different  strength.  It  was  strictly  an  arbitrary  decision  based 
on  the  knowledge  gained  from  experience  that  an  armor  of  this  thick- 
ness will  suffice  to  meet  all  requirements.  The  resultant  impact 
has  been  the  adoption  of  this  thickness  for  all  armors  whether  or  not 
the  situation  dictated  the  need.  This  development,  as  can  be  seen* 
could  have  been  avoided  if  proper  research  had  been  undertaken  long 
ago  on  the  wave  action  stress  against  the  covering  blocks  to  establish 
a criteria  to  be  followed  in  the  construction  and  installation  of 
spread  armor  with  the  required  thickness  to  meet  the  need  of  the 
particular  locality. 

The  same  kind  of  situation  also  holds  true  for  the  embankment 
foundation  as  well.  As  before,  experience  has  been  the  basis  for 
the  decision  made  on  how  the  work  should  be  carried  out  in  the  field  1 
that  is  to  say,  on  the  type  of  foundation  section  to  be  constructed 
and  even  on  how  the  new  changes,  such  as  the  installation  of  steel, 
Btill-water,  and  concrete  piles,  must  be  carried  out.  The  above  is 
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not  designed  to  belittle  the  importance  of  experience;  it  is  an 
accepted  fact  that  without  experience,  no  technical  progress  worthy 
of  its  claim  can  be  made.  The  installation  of  these  piles  is  being 
undertaken  to  provide  additional  support  to  the  foundation.  Quest- 
ion has  been  raised,  hov/ever,  on  the  use  of  the  still-water  piles 
for  this  purpose,  inasmuch  as  a number  of  cases  have  been  discovered 
where  the  grip  of  this  pile  had  broken  off  to  cause  serious  damage. 

It  is  true  that  at  the  present  time,  the  concrete  piles  are  being 
used  in  most  cases  for  this  purpose  because  of  their  better  grip- 
ping capability,  but  the  question  that  remains  unresolved  is  whether 
or  not  the  grip  of  all  of  these  piles  could  cause  the  soil  erosion 
of  embankments.  The  above  as  well  as  the  proper  implacement  depth 
of  these  piles  are  some  of  the  lingering  major  problems  of  foundation 
construction  that  must  be  resolved  through  careful  research  work. 

In  the  case  of  embankment  crowns,  their  growing  use  as  road- 
ways, even  for  pleasure  drives  and  tour  busses,  has  led  to  the  de- 
velopment of  not  only  many  but  serious  cracks  on  the  top  surface. 
Since  its  surface  use  is  no  longer  confined  to  few  v/orking  vehicles, 
due  care  must  be  given  to  its  designing  and  construction  to  accomo- 
date the  heavier  traffic  loads  that  it  will  be  called  upon  to  hand- 
le; that  is  to  say,  research  must  be  imdertaken  to  determine  the 
proper  thickness  of  the  surface  coverings,  required  road  foundation, 
etc. 

The  general  thickness  of  the  rear  spread  armor  has  been  con- 
fined to  about  15-20  cm.  This  stemmed  from  the  fact  that  as  com- 
pared to  the  face  spread  armor,  the  rear  spread  armor  is  less  exposed 
to  the  strong  action  of  the  waves.  It  must  be  remembered,  however, 
that  one  of  the  basic  requirements  of  an  embankment  is  a solid  and 
well-balanced  construction  that  can  withstand  the  weathering  force 
of  nature,  such  as  sinking,  soil  compaction,  etc.,  that,  can  change 
its  configuration.  In  the  construction  of  an  embankment  with  taller 
crovm,  it  should  be  noted  that  if  the  aforementioned  is  to  be  the 
thickness  limit  of  the  rear  spread  armor,  a serious  problem  can  de- 
velop from  the  large  discrepancy  in  thickness  between  the  two 
spreads.  To  reduce  the  thickness  /of  the  face  spread  armor?/,  it 
would  be  necessary  to  construct  small  step/layer  near  the  center  or 
at  the  tail  edge  of  the  spread.  It  is  believed  that  the  minimum 
thickness  of  a non-reinforced  concrete  should  be  about  20  cm  and 
that  the  most  effective  rear  spread  armor  is  a ferro-concrete  frame- 
work or  a block  covering.  These  two  cam  be  am  effective  covering 
for  a small  face  spread  as  well. 

The  impression  gathered  was  that  the  bedding  anchor  section  was 
grossly  inadequate  in  terms  of  the  foundation  work.  This  flaw,  it 
is  believed,  was  the  primary  cause  for  the  large  number  of  exposed 
bedding  amchors  that  were  observed,  especially  for  embankments  with 
relatively  tall  crown.  It  is  quite  possible  too  that  the  erabankiaent 
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soil  erosion  that  had  developed  and  washed  into  the  rear  "yuasobi" 
^tidal  play_|^  area  fron  the  embankment  water  flow  by  way  of  the 
bedding  anchor  location  could  have  been  caused  by  this  flaw.  As 
can  be  seen  from  the  above,  the  bedding  emchor  must  be  reinforced. 

The  above  are  random  thoughts  on  important  designing  require- 
ments that  caime  to  our  minds.  They  are  not  intended  to  serve  as  an 
analytical  solution  to  the  problems  on  hand.  There  is,  however,  a 
definite  need  for  the  undertaking  of  some  kind  of  research  study 
that  can  lead  to  the  drafting  of  the  required  designing  methods. 

2.  On  the  V/eep/Air  Holes  and  Air  Gaps  in  Embankments 

In  most  cases,  the  embankments  and  sea  walls  that  have  been  con- 
structed in  our  country  have  been  built  on  soft  and  weak  foundation, 
making  it  difficult  to  prevent  their  sinking.  A sinking  that  occurs 
evenly  will  pose  no  problem?  such,  however,  has  not  been  the  case 
for  most  of  our  embankments  and  sea  walls.  I.'.any  crooked  spots  can 
be  found  on  these  embankments  and  sea  walls  because  of  uneven  sink- 
ing. 

Broadly  speaking,  the  embankments  of  our  country  are  fairly  large- 
sized structures  that  had  been  constructed  relying  on  the  simplest 
means  possible.  For  the  most  pairt,  sand  available  nearby  or  dredged 
sand  employing  pumps  was  used  to  cor"truct  the  foundation.  The  act- 
ual construction  work,  moreover,  was  based  on  the  minimum  use  of 
mechanical  means  and  in  many  cases,  very  little  attention  was  placed 
on  the  importance  of  embankment  core  solidification  work.  In  the 
construction  of  road-beds  for  highwevs,  thorough  check  and  control 
of  the  soil  moisture  are  first  undertaken  and  then  bedding  is  firmly 
solidified  by  mechanical  means?  in  the  construction  of  our  country's 
embankments, however,  none  of  these  required  measures  Is  undertaken. 

Unfortunately,  many  embankments  in  our  country  are  sitting  on 
water  permeable  foundations.  In  the  investigation  conducted,  we  ob- 
served many  serious  cases  of  embankment  moisture  penetration  from 
tides,  rain  water,  etc.,  and  deduced  that  the  water  seepage  and  flow 
in  these  embankments  to  be  fairly  great.  From  this,  it  can  be  as- 
sumed that  the  water  seepage  problem  of  embankments  with  very  fine 
sand  is  developing  Into  a bigger  emd  more  complex  problem  of  shifting 
sand.  In  many  cases  too,  the  embankment  foundation  below  the  face 
and  rear  spreads  is  made  up  of  implaced  crush  rocks  and  pebbles, 
whose  diameter  normally  ranges  from  20-30  cm.  It  would  not  be  wrong 
to  assume  that  the  gaps  in-between  these  rocks  and  pebbles  have  been 
serving  as  the  settling  iplaces  for  the  eroded  embankment  earth  and 
sand  from  the  permeating  moisture,  rain  water,  waves,  etc. 

The  causes  cited  above  have  led  to  the  development  of  weep/air 
holes  and  air  gaps  in  most  of  the  embankments  and  sea  walls  and  in 
turn,  to  the  development  of  embankment  cracks  and  breaks,  aberration 


of  ground  sites,  etc,,  to  accelerate  the  v/astings  of  these  struct- 
ures, Information  on  the  size  of  these  v/eep  holes  and  air  gaps, 
their  exact  location,  countermeasures  that  have  been  adopted  against 
them,  etc,,  is  very  scanty  to  say  the  least,  but  it  is  believed  that 
their  main  location  areas  are  beneath  the  coverings  of  the  crown  and 
the  face  and  rear  spreads.  Based  on  the  surface  cracks  that  have 
occurred,  it  appears  that  the  number  of  these  holes  and  gaps  is  fair- 
ly large  beneath  the  crown  and  the  rear  spread,  but  relatively  small 
beneath  the  face  spread.  The  difference  in  the  number  of  surface 
cracks  that  appear  for  these  two  spreads  is  due  to  the  difference 
in  the  thickness  of  their  armors  and  not,  it  is  believed,  to  the 
difference  in  the  number  of  v/eep  holes  and  air  gaps  that  exist  be- 
neath these  spreads.  There  is  an  urgent  need  to  conduct  thorough 
study  and  research  to  learn  and  understand  the  effect  of  the  weep 
holes  and  air  gaps  on  the  v/asting  process  of  embankments.  Provided 
below,  however,  are  our  thoughts  on  some  of  the  methods  and  counter- 
measures that  can  be  instituted  to  curb  or  reduce  the  development 
of  weep  holes  and  air  gaps. 

a.  Adequate  consolidation  of  embankment  soilj  employment  of 
mechanical  means  to  consolidate  the  embankment  soil s establishment 
of  a set  procedure  for  embankment  soil  consolidation  v/ork  that  can 
be  employed  everywhere  to  ensure  certain  set  consolidated  soil  for 
all  embankments  I examples:  the  "naki-dashi"  /literally,  "rolled 
outV  embankment  soil  to  be  certain  cm  thickness  j a certain  ton 
bulldozer  to  rim  over  the  soil  certain  number  of  times  to  consoli- 
date the  soil,  etc.  Simple  as  these  instructions  and  procedures 
may  seem,  they  would  be  very  important  in  facilitating  the  operations 
in  this  field. 

b.  Mixing  dredged  soil  with  some  other  soil  for  use  as  embank- 
ment soil  rather  than  employing  it  only  after  pumping  it  out;  under- 
take measures  to  ensure  embankment  stability  by  employing  cement, 
asphalt,  etc,,  using  techniques  currently  employed  in  the  construct- 
ion of  road  pavements,  levees,  etc. 

c.  Adoption  of  asphalt  as  the  crown  covering;  concrete  coverings 
are  too  susceptible  to  cracks  and  ground  site  breaks;  prevent  or  re- 
duce as  much  as  possible  the  pressure  exerted  against  the  crown 
surface,  such  as  excessive  traffic  loads,  etc. 

d.  Adoption  of  reinforced  concrete  framework  for  the  rear  spread 
and  placement  of  blocks  within  this  framework  to  make  the  rear  spread 
into  a flexible  structure;  the  adoption  of  this  method  will  require 
careful  block  construction  work  at  the  ground  site. 

d.  Installation  of  piles  to  be  undertaken  with  due  care,  not  only 
to  prevent  the  embankment  soil  erosion  from  beneath  the  foundation 
and  bedding  anchor  but  to  prevent  the  break-off  of  pile  grip;  believe 
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the  use  of  concrete  pile  for  still-water  pile  will  create  a 
problem. 

f.  Injection  of  grout  immediately  after  the  discovery  of 
a weep  hole  or  an  air  gapj  the  detection  of  weep  holes  and  air 
gaps  is  possible  by  means  of  the  wasting  index  that  has  been 
discussed  before,  but  is  a longer  time-consuming  process;  the 
detection  of  possible  existence  of  a weep  hole  or  an  air  gap 
must  be  followed  by  positive  action,  such  as  the  removal  of 
the  coverings,  to  confirm  or  negate  the  existence. 

With  regard  to  grout  injection,  proper  guidance  including 
information  on  the  equipment  required,  injection  pressure,  type 
of  grout  material  (cement,  mixtures,  moisture  content,  etc.), 
required  injection  intervals,  etc.,  must  be  provided  to  ensure 
proper  execution  of  the  required  work. 

g.  Establishment  of  a general  procedure  for  repairing  air 
holes  that  cannot  be  mended  by  grout  injection  only;  this  pro- 
cedure should  include  the  measure  instituted  in  the  past  of 
reconstructing  the  whole  structure;  inclusion  of  illustrative 
restoration  work  examples  should  also  be  considered. 

Needless  to  say,  the  implementation  of  the  measures  dis- 
cussed above  will  require  budgetary  allocation. 

3.  Maintenance  and  Control  of  Embankments  and  Sea  Walls 

The  growing  move  for  more  effective  utilization  of  the 
coastal  area  has  led  to  the  rapid  grov/th  of  seaside  industrial  zones 
in  our  country  in  recent  years  to  make  the  task  of  protecting  the 
coastline  facilities  that  much  greater.  These  coastline  facilities 
now  include  not  only  these  nev/  seaside  zones  and  the  old  established 
residential  and  industrial  areas  with  their  embankments  and  sea  walls 
located  along  the  coast,  but  new  embankments  and  sea  walls  that  have 
been  constructed  by  the  Kocho  Taisaku  Jigyo  /literally.  High  Tide 
Countermeasure  Enterprise/.  The  unique  feature  of  the  maintenance 
and  control  work  of  a functional  facility,  such  as  a highway,  moor- 
ing dike,  sea  route,  etc.,  is  that  the  failure  to  do  so  or  poor  work 
will  contribute  to  its  deterioration  with  every  use,  but  this  de- 
terioration will  be  confined  to  the  facility  itself.  In  the  case  of 
the  embankments  and  sea  walls,  however,  the  failure  to  undertake 
proper  maintenance  and  control  work  will  not  be  confined  to  their 
own  deterioration  alone  but  will  have  a serious  impact  on  the  faci- 
lities (hones,  factories,  etc.)  located  to  the  rear.  In  the  investi- 
gation undertaken,  we  learned  to  our  dismay  that  like  the  saying, 

"The  hotness  of  a food  is  forgotten,  once  it  passes  through  the 
throat,"  very  little  recognition  was  being  placed  on  the  importance 
of  embankment  and  sea  wall  maintenance  and  control  work.  The  above 


is  to  say  that  the  recognition  of  the  importance  of  embankments  and 
sea  walls  as  the  protective  structure  of  the  rear  area,  of  the  in- 
adequacy of  many  of  the  existing  facilities  to  provide  the  required 
protection,  of  the  need  for  diligent  maintenance  and  control  work  to 
preserve  the  existing  facilities,  of  how  much  protection  the  exist- 
ing facilities  are  or  are  not  providing,  of  the  need  to  replace  some 
of  the  existing  outdated  facilities  with  nev/  ones  to  safeguard  the 
rear,  etc.,  must  normally  await  the  occurrence  of  some  disaster  be- 
fore it  happens,  r’rom  general  indication,  the  prevailing  line  of 
thinking  seems  to  be  to  wait  for  the  occurrence  of  some  disaster  to 
crumble  the  "rokyu"  /ole  and  useles^  facilities  before  undertaking 
any  repair  and  renovation  work  rather  than  to  preserve  the  existing 
facilities  by  means  of  careful  and  diligent  maintenance  and  control 
work. 

If  the  above  thinking  is  true,  it  can  be  accepted  as  a further 
confirmation  of  the  poor  recognition  being  given  by  almost  everyone 
on  the  importance  of  maintenance  and  control  work  and  of  the  in- 
adequate budget  /sought  for  this  work^  and  of  the  inadequate  con- 
cern for  this  work  by  the  concerned  organizations.  At  the  present 
time,  great  importance  is  being  placed  on  the  safeguarding  of  our 
land  and  on  the  maximum  utilization  of  our  available  land.  In  the 
face  of  this,  it  is  strongly  believed  that  there  is  a definite  need 
for  an  official  government  statement  reemphasizing  the  importance 
of  maintenance  and  control  work  for  embankments  and  sea  walls. 

The  matter  of  maintenance  and  repair  standards  is  one  of  the 
unresolved  technical  problems  on  hand  in  the  maintenance  and  control 
field.  That  is  to  say,  v/hat  standard  should  be  employed  for  the 
maintenamce  and  repair  work  to  be  undertaken.  Without  this  standard, 
there  would  be  no  way  to  determine  the  type  of  logical  work  that 
must  be  carried  out  and  the  budget  requirement  for  the  v/ork.  iven 
after  the  establishment  of  this  standard,  if  excessive  manpower  must 
be  expended  to  ascertain  its  suitability,  it  will  amount  to  no  more 
than  a confirmation  of  its  suitability  based  on  the  intuition  of  the 
individual  investigator.  Normally  speaking,  most  maintenance  and 
repair  work  fall  under  the  category  of  minor  job  and  as  a result, 
the  performance  of  this  work  is  undertaken  by  the  technical  person- 
nel with  experience  stationed  at  the  site.  In  many  cases,  the  act- 
ual work  performed  is  based  on  the  intuition  of  these  personnel. 

There  exists  the  need  today  for  a maintenance  and  repair  manual  that 
can  be  used  by  the  inexperienced  technicians  to  carry  out  this  work. 

The  above  is  a brief  discussion  on  the  prevailing  maintenance 
and  control  situation*  it  is  our  fondest  hope  that  this  report,  co- 
ordinated with  other  research  reports  to  be  prepared  by  others  in 
the  future,  will  be  of  some  service  in  improving  the  embankment  and 
seal  wall  maintenance  and  control  work  of  the  future. 
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IX.  Recume 


Provided  below  are  summary  and  conclusion  of  the  various  chap- 
ters /Is  a resume  of  the  coverage  provided  in  seven  chapters?/  of 
this  report. 

Chapter  II:  In  this  chapter,  the  v/astings  of  coastal  embank- 

ments were  examined  from  the  standpoint  of  two  major  breakdowns: 
function  and  structure.  The  structural  wasting  was  defined  as 
the  indicator  pointing  to  the  various  steps  of  an  embankment 
breakdown  process. 

Chapter  III;  The  embankment  damages  that  can  be  caused  by 
natural  calamities  employing  the  Ise  V/an  typhoon  as  the  primary 
example  and  the  resulting  breakdown  process  were  examined  in 
this  chapter.  The  visible  changes  indicating  wastings  (wasting 
index)  that  occur  to  embankments  in  the  breakdown  process  were 
also  reviewed. 

Chapter  IV i In  this  chapter,  the  investigation  methods  employed 
in  the  coastal  survey  that  was  carried  out  were  explained. 

Chapter  V:  The  on-the-spot  survey  results  of  the  wasting  in- 

dicators that  were  observed  in  embankments  in  the  investigation 
conducted  in  1970  and  1971  were  reviewed  in  this  chapter.  The 
checklist  of  wasting  index  discussed  in  Chapter  III  served  as 
the  basis  in  examining  the  external  changes  that  were  observed 
(wasting  index). 

Chapter  VI:  This  chapter  was  devoted  to  the  study  of  weep/air 

holes  and  air  gaps,  regarded  as  the  major  causes  of  embankment 
wastings I the  Aichi  Prefecture  Coastal  Survey  Report  was  employed 
as  the  basic  reference  source. 

Chapter  VII:  This  chapter  discussed  the  method  of  obtaining 

the  extent  of  the  wasting  of  a structure  by  means  of  attaching 
values  to  the  wasting  index  (visible  external  changes)  which 
- served  as  the  indicator  of  the  structural  wastings. 

Chapter  VIII  i In  this  chapter,  discussions  were  vindertaken  (1) 
on  matters  that  deserve  careful  attention  in  the  designing  of 
embankments  that  came  to  light  in  the  investigation  that  was 
conducted,  (2)  on  the  spots  and  places  where  weep  holes  develop 
in  an  embankment  and  their  countermeasures,  and  (3)  on  the 
maintenance  and  control  of  embankments. 
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I X.  Postscript 

\s  briefly  alluded  to  before,  this  survey  and  investigation 

(revealed  that  (1)  very  little  research  work  had  been  undertaken  in 
the  field  of  er.banknientr. , etc.,  in  the  past,  (2)  despite  the  in- 
nunerous  numbers  of  embankment  and  sea  wall  construction  that  have 

(been  carried  out  in  the  past,  very  little  data  on  the  actual  con- 
struction work  undertaken  have  been  retained  and  preserved,  (3) 
the  coastal  preservation  enterprises  in  our  country  are  continuing 

I to  operate  with  sound  financial  backing,  but  the  construction  firms 
with  adequate  capital  are  dwindling  very  rapidly,  (4)  the  absence 
of  standardized  designing  and  construction  methods  is  being  reflected 
in  the  different  technical  methods  employed  by  the  various  construct- 

Iion  firms,  and  (5)  despite  the  abundance  of  data  compiled  and  re- 
tained on  major  calamities  such  as  the  Ise  V.’an  typhoon,  very  little 
data  are  being  compiled  on  the  damages  suffered  from  the  natural 

(calamities  that  occur  each  year.  The  importance  of  compiling  annual 
data  referred  in  (5)  above  cannot  be  overstressed.  For  example, 
if  these  data  were  available,  a comparative  study  of  the  v/ave 

(actions  on  embankments  for  the  various  years  can  be  undertaken  to 
better  understand  the  relationship  between  these  wave  actions  and 
the  development  of  weep  holes  and  air  gaps  in  the  embankments.  As 
can  be  seen  from  the  above,  there  is  an  urgent  need  to  ensure  that 

■data  on  construction  work  undertaken,  damages  suffered  from  occur- 
ring disasters,  restoration  v/ork  undertaken,  etc.,  are  adequately 
compiled  and  preserved  in  the  future, 

I As  the  concluding  remark  for  this  report,  we  would  like  to  ex- 

press our  deepest  of  appreciation  to  the  port  and  harbor  sections 
and  the  civil  engineering  offices  and  their  affiliated  units  of 
I Kie,  Ishikawa,  Toyama,  Yamaguchi,  and  Oita  prefecture  for  their 
I invaluable  assistance  and  cooperation  in  the  preparation  of  this 
report  and  to  the  rivers,  port  and  harbor,  and  agricultural  land 

(sections  and  their  affiliated  units  of  Aichi  Prefecture  and  to  the 
4th  and  5th  Ports  and  Harbors  Construction  bureaus  for  their  help 
and  assistance  given  to  us  in  the  on-the-spot  investigations  that 
were  carried  out  and  for  their  generosity  in  providing  us  with 
I valuable  survey  reports  and  data. 


